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ASP: . Statistical Package in APL 

[Draft ppendix to the forthcoming book, 

"Sta istical Computing with APL"] 

Designing a statistical package -- a s t of programs for statist~.cal 

ana.l.yais of data -- poses problems, sooe of them common to all computing, 

some perhaps peculiar to statiatics. 

Features of conputing for statistica l analysis, not common to all com

puting, are that many diverse nperations are carried out on different sets 

of data, that ::: veral b::>.~ ic oper uti, ns may c applied to '1 ny particular set 

of data, and that only a~tcr a bo.r:ic operation has oecn pplied and the out

put ex~min...:d c~:.n the use r see (US\~lly) '·rhethe;: t he op<Jration "as appropriate 

and satisfa.cto1·y. Stat ist i.cal analysj a is a process of trial and error, not 

to be zpecified simply and completely in advance. A sta istical package is 

therefore n·'.tu:·ally thought of as o. kit of tools rather than as a single 

machin~. Ing- nuity may b devoted to organizing the tool::: into one or a feH 

machines, but if, o.s with PL\J6o, the computing is conversational, flexibility 

is to be p:.·eferrcd to grandeur, t:1le:::s indeed the user n cds to be shielded 

from progro.~::1ir ~ . 

A prc~ :: ·itten package of programs i :; attractive to a user who does not 

consider hin::. ~lf expert in he language in "'hich they o.rc written. Programs 

in APL\J6o, r~uch o.s t:~ose presented her~ , demand some knowledge of the languaee 

and especial~y :;ome lmmdedge of t e sy~tem comno.nds a:-d of how to manage 

worli.spo.ce:::. Gi"l:Jn n:odest kno 1ledge o f that kind, the programs can be success

fully uc:::' by ooginners i n computi ..,~ 1!; would not readily have composed 

equivale11t p:·o ' <' .. ~3 thct..se lve . Ultimate ly, however, the only good reason 

for usint; P.PL for zt atistical \; rk i s t o have complete 1:.•e dom to do •. .,hat 

0 ~ i :i s!1~S . r: e sc progrnrr,.., should be thought of as St•gge::;t i0!1S for how to 

proceed e.::.d r. s a ~o '"':'Ce of exaMpJ.~r of p ogramming t echnique, rather than as 

prescript i o!' '1 fo ood st atistlca}. practice. The pro . ~.,Js arc there to be 

altered and r ~.".pted . T'Jey are no t. loc ·e • 

P:·oc~~n . c~! h~v . at l enst four t echnical virtue s, ap' rt from their con

t ent e.r: •• ~. ,-.:po~., n ::1c ly (i) cl rity to t h~ reader, (ii) "'peod in execution 

(CRJ tim~ r.r ·l co...., :~e c t i '! ), (iii) economy i n :=?ace requir~d for execution, 

( iv) eco:1c-.y i ::'!>"~C . r equired fo~: sto!':lge . All f our are 1.mportant, though 

their rcl".t iv" i r:'. o:~tance is arguable . Any actual program is at best a com-



' 
-2-

promise -- one virtue may be traded for another. Only if a program is to be 

used often or kept a long time are the econonies worth much thought, once a 

few rudimentary principles have been learned: loops should usually be avoided 

if possible, numerical data should .not be stored permanently in floating

point fo~, and things like that . 

Programs (fUnctions) and data set::; to be kept some time or seen by others 

should be documented. The very least i s to insert a line or two of comment 

in the definition of a f un ion (a~ for example in RNOIU4AL shown below in 

display-sheet ' -- anyone wh knmv::; what ls l!lea.r.t by random normal deviates 

should have no difficulty i n uc1ng this fun ction after seeing a print-out of 

the definition). l<IY usual practice i .:; to provi 1e n i nimal information about 

a data set under c naQe (of a variable or fUnction) stored in the same work

space, consisting of t ·1c l e tters ~v l:AT joine to t he natr.e of the data set, 

and info:nnation about a f un t ion under a name beginning , .. i th the letters HCM • 

Such documentation occupies least storage space, usually, if it i~ a var1a0le 

consisting of a character ve t or . Examples arl! displayed below. My practice 

is to conclude a HCW-va.rin le Hith n dat e, the date of the most recent per

ceptible change made in i t . Th user may quicJ·ly discover the date of a HOW

variable by calling for he ast 1} har cters, a nd only display the whole 

if the date is l ter than t of hi s last pdnt -out. 

Such doc mentat i o do~s not attempt to explain statistical principleo . 

More extended infOI'mati n, explanat ions of purpose and illustrations of use , 

can be issued as duplicat~d r nding mat e r , not i•ept in the APL system. 

Some precautionz 

As f ar a s convenie nt ly possib, ~, functions should be written so that 

they will not breal:: dovm (be suspended ) in execution, but rather will ter

minate with a \-Ta.rning messa c;e if somethi nG is \-Tro g . At least to begin the 

definitiou f ~ funct i.041 by te sting th~ ::~.rguments (i f there are any) for com

patibility seel!ls to be . good practice . This not only takes care of a common 

cause of failure i ex cution, but gre~tly a ss i st s a reader vho is not fully 

informed about what th ~1 io doe ;, . !f t he user is puzzled to get the 

message 'NO GO.' when he t ries t o cxecut-? t e f unction, he can examine the 

first two or three lines of t he e f inition t o se what requirements have 

been placed on t he rl!ume ;~ s. 
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Consider for example the function FIT shown below (display-sheet '>· 
As H~~IT explains, this function is intended t o subtract from a given 

vector (Y, say) its linear regression on another given vector (X, say). It 

could be used to detrend a time Jeries by removing its linear regression on 

the time variable. The means, the regression coefficient and its conven

tionally estimated standard error, are printed out for information. The number 

of raadings N is d~fined in line [1], and thereafter the desired calculations 

and output are specified i n lines [3 ], (41, [5 ], [Bl, [91, [1 o ], in a manner 

t hat should not prove dif ficult to read. Line [1 J i s primarily concerned with 

testing that the arguments are indeed vector::: of equal length not less than 

:5, and if they are not line [2] cau~es a message to be displayed and exec -

tion to stop. Line [6] te s~ s whet her all ffiembers of the first argument (the 

independent" variable) a~e equal. If they are, the vector X is this line 

consists of equal numbers a ost or exactly zero, and the regression calcula

tion in line [8] should not (perhaps cannot) be executed, and so execution 

of the fUnction stops at line (7]. If execution stops at line [2], the 

explicit result Z is empty. If execution stops at line [7), the explicit 

result is just the second argument minus its mean. Only if both these trapc 

are passed does t he explicit r esult becoce t he r e siduals from the fitted 

regression, as intended . 

This ~lnction FIT has ot been protected from every conceivable cause 

of breakdown. I - t he arguw~nts were vectors of equal length not less than 3, 

but if either or botl ••ere vectors of characters rather than of numbers, 

execution would be suspended at line [3] or [at] Hhere the sum re< uction is 

called for. There ought to be a primitive onadic function in AP:, that would 

yield the type of i ts ar~~ment, possibly (for example) o for characters, 

1 for single bits, 2 for 4-byte int egers, 3 for 8-byt e floating-point numhers. 

As things are now, one may te st whether a.n array X is numerical with the 

expression 

(' .. 1 T cT, X • 

This works because APL\:!i 6o distinguishes empty numerical vectors fror11 empt y 

character vectors, but that has the appearance of being an accident of the 

i mplementat i on, not obviously required by any general syntactic principle; 

in ot her contexts APL\360 i gnores the t ype of erapt y arrays. To supply a 

character argument to a f unction where a numerical argument is intended, or 
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vice versa, is no doubt an unusual error in execution, scarcely '\ororth guard

ing against. At any ro.te, it has not been guarded against here. 

Some of the fUnctions in this collection, such as DOWNPLOT , require 

that one or more global variables should have been defined before the function 

is executed. There seetns to be no way at present to test in the function 

definition whether that is so, without a suspension if i~ fact the required 

global variables have not been defined. 

Another possible reason for breakdown in execution of a correctly written 

function is that there is insufficient room in the active workspace. If the 

space requirement \>~ere determined, as a function of size of arguments and 

any other relevant varia~les, t his also could be testerl for. I have generally 

not done so, but an examp:Le o a possibility of th i s sort may be seen in the 

function FitrER (display-sheet 9). The meat of the function is in the 

sing4_ line (9], which executes fast but ncec~ room, sometimes a lot of room. 

The last three lines in the definition co;1st1tut e an c..lternative program to 

lin~ (~]; slowe1· t.o execute because of '.;he loop )\lt ne •:: ling less space. In 

line (8] a test is t e ~f available ~pace, >ri t h a brJlnch to [1 o] if (9] 

cannot be executed. (For this c;::.l c:: ul.ation it is sur1posed that the argument 

consists of floating-point numbers, \-rhich it Benerally d.ves in practice. ) 

Breakdown in execution because of lack of space has not been guarded against 

completely, chere may be too little room in the active workspace even for 

the mere economical program, but the ,.,orst space problem in FILTER has been 

tal·en care of. 

Suspensions of function execution Hill occur. Sometimes the user's 

attention is so fixed on 1·emedying the cause or taldng other action prompted 

by the suspension that he omits to terminat execution of the suspended f unc

tion. Then the function's local variables supersede any lobal objects \·ri th 

the same names. The most annoying effect of this ldnd comes from statement 

labels, which cannot (during suspended exe ution of a function) be treated 

like ordinary names of variables and assigned ne,-r values. Preferably state

ment labels should be unlilte any other names used. Ac ordingly all statement 

labels here begin with o.n underscored L • If the user refrains from ever 

assigning to a variable or function a name beginning with underscored L 

(no very irksome constraint , since underscoring i s troublesome anyway), 

there can be no confusion. 
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Possibly there should be some similar distinguishing of all local vari

ables in defined functions. That, however, is not so easy to achieve, partly 

because in developing a function the author should feel free to change the 

status of variables between local and global. For economy's sake, no local 

variable should have a name longer than three cho.ractersn . If global vari

ables and functions intended for permanent storage are given descriptive 

names more than three characters long (a. is my usual but not invariable 

practice), at least there 'rill be no confusion between them and local vari

ables. 

A particular ltind of suspension occurs with quad input, or as the User's 

Manual calls it, evaluated input. Only three of he functions shoun here have 

this feature: nJTEGRATE, SCATl'ERPwr, TSCP. In answering the first question 

in SCATTERPLOT or TSCP .• the user ''ill normally type t,.,o numbers, as sug

gested; but if inotoad he gives the name of a previously defined 2-element 

vector, this must be diffet'ent from the names of all eleven local variables 

(not counting statement l abels) in the function. The same applies to the 

third question in TSCP 1 \·The re nou there may be greater temptation to reply 

~nth the name of a previously defined character vector (Z would be permis

sible, or any name loTith more than one character). Similarly, if the funct ion 

asked for in DflEGRATE is previously defined, its name must not be any one 

of A, H, N, (i t could happily be F, or nny name i-Ii th more than one character) . 

*There is ~ small unobvio s economy in storage of functions to be derived 

from keeping the names of l ocal variables short, mostly single ch .... l'a.cters. That 

is that in a colle tion of f'unctions the same names of variables will occur 

again and again, for there are only 26 letters in the alphabe~ to choose from. 

In storage each different name appears just once in the symbol table, i·Thich 

therefore needs to be l arge enough to accommodate all the different names in 

the workspace -- the nar.:es of groups, functions and variables, including the 

variables and statement label~ in the function definitions. In the functions 

sho~m here, a handful of c~e -letter names account for many of the local vari

ables; each appears several t i mes in the definitions, but onl~ once in the 

symbol table . Therefore these functions can be stored in worltspaces ~rith 

symbol tables substantially reduced belmv the standard setting. 
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Miscellaneous remarkr, 

Perhaps a word should bo said about some of the algorithms,  with reference 

to their speed in execution.    One should bev/are  of supposing that comparisons 

of alternative algorithms,   executed in compiled Fortran,   are relevant to 

apparently similar algorithms executed in APL\56o.    The richer vocabulary of 

primitive  functions in APL,   and the different handling of arra/s,   can lead 

to different conclusions.    Because of its brevity,   the  function   RNORMA.L 

seems to be about the  fastest possible generator of random normal deviates 

in APL.    The  function    HA    is a slow Fourier transform,   but performs well 

with series of modest length,   such as can be accommodated in the customary 

32K byte workspace;  and it leaves the user completely indifferent to the 

prime-power  factorization of the  length of the  series.     (A fast Fourier trans- 

form will no doubt eventually be added to the  collection. )    The loop at the 

end of    SCATTSRPLOT    could be avoided by an outer product,   but that t-eems 

slow in execution and certainly requires considerable  space -- a counter- 

example to the general principle of avoiding loops if possible. 

Most of these functions have been developed independently of anyone 

else's programming.    An exception is    INTEGRATE ,    based on a program for 

integration by Simpson's Rule due to John Richardson   (APL Quote Quad,   2/3 

(1970),   26-27).    The  function    JACOBI    was developed from two APL programs 

written by others,  but is not now very close to either source.    K. W. Smillie's 

collection of statistical programs,    STATPACK2  ,    provided many interesting 

exfiples of APL technique,   but I have deliberately refrained from actually 

using his programs in order not to be  influenced in statistical thinking. 

The display-sheets   following show function definitions and documentary 

variables in the workspaces   ASP   and    ASP2   .     In alphabetical order,   with 

the sheet number on which they appear,  they are; 

Documentary variables 

DESCRIBE i 

HCWCONTINGENCY I U 

HOWFILTER 9 

HCWFIT 3 

HCMIARMONIC ! 0 

HGUHUBER 12 

Ha: INTEGRATE 2! 

HCU JACOBI 17 

HC.'MAX zk 

HGUPLOT i 8 

HO'TREGRESSION ii 

IIOUSUIU'.RIZE 2 

HCUTRIPIEPLOT 22 

„AieJ 
--'•'•'''"'"--''"-'■■■ •-  ' mum   
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Function definitions 

ANALYZE 8 

AUTOCOV n 

CONTINGENCY 15 

DCWNPLOT 20 

EFFECT 8 

FILTER 9 

FIT 3 

FCURFOID 16 

HA 10 

HUHER 13 

HUBER1 13 

HUBER2 15 

INIF 11 

INTEGRATE 2! 

JACOBI 17 

MAV 11 

MAX 24 

MJITIPOLY 16 

NIF 11 

POOL 15 

REGR 6 

REGRINIT 

RNORMAL 

ROWCOL 

RCWCOLDISPIAY 

ROWCOLFERMJTE 

ROWPLOT 21 

SAMPLE 

3CATTERPL0T 19 

SHOW 6 

STDIZE 8 

STRSS 5 

SWIMARIZE 2 

TAPER 1 1 

TDP 24 

TSCP 23 

VARL^NCE 6 

*"--■■-■ umiiiiiiiiii miiiiirfr n i —- '..■ ,    v.   ■ -..   .*.    ■. 
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dOVPLOT HOUREGRESSIOi! 

)LOAD ASP 
SAVED    21.48.43  07/17/73 

)FiJS 
AHALYZE DOmiPLOT EFFECT   FIT IlUF        lUTCGRATL JACODI    UIF 
REGR       REGRIUIT RUORMAL R0WC0L   R0UC0LDI£ PLAY     ROHCOLPERMUTE     R0UPL0T 
SAMPLE   SCATTERPLOT SHOW       STDIZE    STRBS      SUMMARIZE VARIANCE 

)VARS 
DESCRIBE tlOWFIT   dOWINTEGRATE       HOI/JACODI 
tlOWSUNMARIZE        A ä Q 

)GRPS 
imYGROUP REGRESSIOUGROUP ROIICOLGROUP 

)GRP iWAYGROUP 
AiJALYZE EFFECT   £ 

)GRP REGRESSIOMGROUP 
REGR       REGRLUT SHOW       STRES      VARIANCE 

)GRP R0WC0LGR0UP 
R0WC0L   ROWCOLDISPLAY      ROl/COLPERMUTE      £ 

DESCRIBE 

ASP - A STATISTICAL PACKAGE IN A PROGRAMMING LANGUAGE 
m +  t, t, •   * ; 

SOME PROGRAMS FOR STATISTICAL ANALYSIS BY F. J.  ANSCOMDE,  UHO I'ILL APPRECIATE 
COMMENTS AND ERROR REPORTS.     (PHONE:     203-432-4752.) 

i 

UiOUPWT' AND  'HOWTRIPLEPLOT' DESCRIBE PLOTTING FUNCTIONS. 

SEE 'HOWSUMMARIZE' FOR SIMPLE SUMMARY STATISTICS, 'HOWFIT1 AND 'HOUREGRES- 
510/1/' FOR LEAST-SQUARES REGRESSION, AND 'HOl/HUDER1 FOR ROBUST REGRESSION. SEE 
ALSO THE FUNCTIONS   'ROUCOL'  AND  'ANALYZE*. 'HOVFILTER* AND  'HOl/HARMOUIC DES- 
CRIBE FUNCTIONS FOR ANALYSIS OF TIME SERIES; SEE ALSO  'AUTOCOV.     'HOI/CONTINGEN- 
CY' DESCRIBES FUNCTIONS FOR ANALYSIS OF CONTINGENCY TABLES. 

I      ■ 

'NIF' AND  'INIF' ARE THE NORi'AL INTEGRAL FUNCTION AND ITS INVERSE. VARIOUS 
MATHEMATICAL OPERATIONS ARE DESCRIBED IN   'UOUJACODI*,   'HOUIilTEGRATE',   'HOi/MAX'. 

THE FUNCTIONS     'ROWCOL',   'ANALYZE',   'EFFECT',   ' AUTOCOV,   'SAi-lPLE',   'RNORMAL', 
'NORMLTEST'    ARE DESCRIBED IN CHAPTER 7 OF STATISTICAL COMPUTING IJITH API,. 

THESE FUNCTIONS RESIDE IN IIORKSPACES NMIED 'ASP' AND 'ASP2' . SOME OF THE 
FUNCTIONS ARE ORGANIZED IN GROUPS. BEGIN NY LISTING ALL FUNCTIONS,  VARIABLES 
AND GROUPS IN EACH WORKSPACE. 

1-ORIGIN INDEXING IS ALWAYS SUPPOSED. SOME FUNCTIONS NEED THE GLOBAL SCALAR 
CHARACTER VARIABLE C CAUSING A CARRIER RETURN. C IS INCLUDED IN EVERY GROUP. 
C SHOULD BE SPECIFIED OR COPIED WHEN ANY OF THESE FUNCTIONS (BUT NOT A GROUP) IS 
COPIED. THE SCALAR VARIABLE B CAUSES A BACKSPACE. THE VECTOR 4 IS THE AL- 
PHABET,  FIRST PLAIN THEN UNDERSCORED. 

DEPT.  OF STATISTICS,  YALE UNIV., NEW HAVEN,  Of.   06520  -  11 JULY 1973   ::..::..::! 

1  - 
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m/sumARizE 

SUMt-iARY STATISTICS OF A DATA SET 
SUmARIZE i 

THE ARGUMENT (Z) i-M BE AUX NUMERICAL ARRAY HAVI1JG AT LEAST '+ MEMBERS. MEAS- 
URES OF LOCATION, SCALE AiJD SHAPE OF DISTRIBUTIOn ARE PRIUTED OUT. SHAPE IS IN- 
DICATED dY FREQUENCIES OF THE DATA IIJ THE SIX INTERVALS INTO WHICH THE REAL LINE 
IS DIVIDED BY THE MEAN + '2 ~1 0 1 2 * THE STANDARD DEVIATION OF THE DATA. EX- 
PECTED COUNTS IN THESE INTERVALS FOR A RANDOM SA1-1PLE OF THE SAUF SIZE TAKE,' FROM 
A NORMAL DISTRIBUTION UITH THE SAVE MEAN AND VARIANCE ARE GIVEN FOR COMPARISON. 
SHAPE IS ALSO INDICATED BY FISHER'S SKENI'ESS AND FURTOSIS MEASURES, UITH THEIR 
STANDARD ERRORS FOR A RANDOM SAMPLE OF THE SAliE SIZE FROM A NORJAL DISTRIBUTION. 

28 JUNE 1973 

Cl] 
C2] 
[3] 
[>] 
[5] 
[6] 
[7] 
[8] 
[9] 
[10] 
[11] 
[12] 

[13] 

[1U] 
[15] 

SUmARIZE Z\A;D\K;M;N\S;iI 
•*2*H<N+pZ-*-,Z 
tpü+'THE ARGUMENT MUST BE AN ARRAY l.'ITIl AT LEAST 4 MEMBERS. ' 
C, 'NUMBER OF READINGS:     '-.N 
'EXTREMES:     ' ;(Z«-Z[i2])Ll .i/'] 
'QUARTILES:     ' ;^«t-0.5x(+/Z[i'/+l-/l]),t/ZU^{Ll+/t*«4)jNWl 
'MEDIAN:     ' ;ü.5x+/Z[ {iUNi2), fIH2l 
'MEAN:     ';/^-(+/Z)v/7 
Q,' INTERQUARTILE RANGE:     ';~/A 
'VARIANCE:     ';AV(5-H-/I-WZ+Z-I'MN- 1 
'STANDARD DEVIATION:     '■,£*-](**2 
A+0.1*lO.Sf0.0001*N*  2275  13591  3H13k 
Q,'FREQUENCIES:     • ;+/("u+i6)o.=2L~3rLZ^;',    WITH FITTED NORMAL EXPECTATIO 
NS    'iAM 
'SKEl.'NESS MEASURE Gl:     ' ;(iK*D)*i/(+/r*Z),i1+ "l 0 "2 ;',    WITH NORHAL S.E. 

'•A*/6,N+ "2 0  1  "1  3)*v2 
>4"<-(^Xä)X(T/(+/.VX;/),/7T  "1  0 ~2 1 "3)-3XJXS

,
T(/'-2)X/.'-3 

'KURTOSIS MEASURE G2:     ' ,4 ;'»    UITH FORMAL S.E.     • ;(*/2U,A'-«- "3 C 
~2 "1 3 "l  5)*T2;C: 

-  2 
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HOWFIT 

SIMPLE REGRBSSIOU 
Z*-X FIT Y 

THE Tl/O ARGUMEÜTD MUST BE VECTORS OF EQUAL LENGTH MOT LESS THAN 3. 

THE MEANS OF THE TWO ARGUMENTS, Ai.'D THE REGRESSJOiJ COEFFICIEHT OF THE SECOND 
ARGUMENT ON THE FIRST, WITH ITS COHVEHTIOilAL ESTIilATED STANDARD ERROR, ARE DIS- 
PLAYED.    THE EXPLICIT RESULT IS THE VECTOR OF RESIDUALS. 

30 my 1973 

[1] 
[2] 
[3] 
[4] 
C5] 
[6] 
C7] 
[8] 
[9] 
[10] 

V Z+X FIT Y;li;N;S,U;V 
>2+(/>'=+/py)A(3S/lM-/p/)A(l=ppy)Ai=ppjf 

-VÜ*-'ARGUMENTS MUST BE VECTORS OF EQUAL LEHGTH HOT LESS THAU  a.'.Z*-" 

'MEANS ARE    ';[/,/ 
^8-A/^=1U 
♦pO-'/W REGRESSION CALCULATED.' 
'REGRESSION COEFFICIENT IS    ' ;ÜHX+.*Z)iS+X+.*X 

S*-iZ+ .*Z+Z~D*X)tS*N-2 
'      WITH ESTIMATED STANDARD ERROR     ' ;S*0.5;'     (';W-2;'  D.F.)' 

V Z+RNORMAL N;V 
[l]      >2tv/(Wäl)A(/V=U)Al=p/V^,/y 
[2]      -•■O.pLH-'/VO GO.' ,Z+" 
[3]       Z*(t21i+7U836U7)x?(2,r/VT2)p2147U836i+7 
O]      Z^t(,  1  2 ''.oZ[2;]'<O2)x^,^('2x»Z[l;])*0.5 
[5]      *   N RANDOM NORl-lAL DEVIATES Hi BOX-MÜLLER METHOD. 

V Z+H SAMPLE CP 
[1]      -»•2t(A/,(/.y=L//)Ai<//)A(i2pp/OAA/(l>C,P)Aü<CP«-,CP 
[2]      -p[>V0 GÖ.'.Z-" 
[3]       Z-H-/CP0.<(T21U74836'47)x?/,'p21U7i4n36U7 
[U]      n   SAMPLE OF SIZE N FROM A DISTRIBUTION OVER NO!'NEGATIVE INTEGERS HAVING C 

IMULATIVE PROBABILITIES CP. 

■ " — -  -    
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UOUBCGRUSSIOU 

miTIPLE REGRESSION DY STAGES AiJD EXAhUUATIOl! OF RESIDUALS 
(1)    X REGRIhJT Y 
(2) REGR L 
(3) SHOW V 
(4) STRES 
(5) VARIANCE 

'REGRIiüT* IS USED OUCE AT THE OUTSET TO SET UF GLOBAL VARIABLES FOR 'REGR*. 
'REGR' PERFORMS REGRESSIOtJ Oli OM OR t-lORE DESIGNATED INDbLVUDuiT VARIABLES, kiW 
MY DE CALLED REPEATEDLY. 'SHOW MY ÜE USED AT ANY STAGE TO OUTAIN SUMARY IN- 
FORMATION ABOUT A VECTOR. 'STRES' GIVES STANDARDIZED RESIDUALS OF THE DEPENDENT 
VARIABLEM) FOR USE IN SCATTERPLOTS. 'VARIANCE' YIELDS TUE COtlVENTIONAL ESTIt'iA- 
TED VARIANCE MATRIX OF THE REGRESSIOtJ COEFFICIENTS. 

(1) QF'-BIiUT- THE FIRST ARGUMEUT {X) IS A MATRIX WHOSE COLUMNS LIST VALUES 
OF THE INDEPENDENT {EXOGENOUS, FREDICTOR) VARIABLES. USUALLY ONE COLUMN IS ALL 
l'S, AUD ITS INDEX NUMBE:. IS THE ARGUMENT IN TUB FIRST CALL OF 'REGR'. EACH CO- 
LUMN OF X SHOULD HAVE BEEN l-iULTTPLIED BY A POWER OF 10 SO THAT THE UNIT PLACE IS 
THE LAST SIGNIFICANT ONE. WHEN A COLUMN OF X-RESIDUALS HAS SUM OF SQUARES LESS 
THAU (//#♦«♦) IT IS JUDGED TO BE •TOO CLOSE TO ROUND-OFF ERROR TO BE UORTH USING. 

THE SECOND ARGUMENT (Y) IS    EITHER    A VECTOR LISTING VALUES OF ONE    DEPENDENT 
VARIABLE OR A MATRIX WHOSE ROWS LIST VALUES OF SEVERAL  DEPENDENT VARIABLES TO BE 
STUDIED IN PARALLEL.    THE NUMBER OF ODSERVATIOVS OR DATA SETS IS EQUAL TO 

ItpX <-> "itpy 

GLOBAL VARIABLES IN  'REGRINIT'  AND   'REGR': 
P THE NUMBER OF INDEPENDENT VARIABLES,    (pX)[2]  . 
IND     A LOGICAL  VECTOR OF LENGTH P SHOWING WHICH INDEPEHDEHT VARIABLES HAVE BEEN 

BROUGHT INTO THE REGRESSION RELATION {INITIALLY ALL O'S). 
M        THE NUMBER OF RESIDUAL DEGREES OF FREEDOM {INITIALLY THE NO.   OF OBS.). 
RX        TRANSFORMED OR RESIDUAL X-VARIABLES {INITIALLY EQUAL TO X). 
RY       RESIDUALS OF Y {INITIALLY EQUAL TO Y). 
B REGRESSION COEFFICIENTS  {VECTOR OR MTRIX) OF Y ON COLUMNS OF X CONSIDERED 

SO FAR.     {B APPEARS ONLY IN THE OUTPUT OF  'RLVR' .) 
RB        DITTO WITH RX  IN PLACE OF X {INITIALLY ALL O'S). 
TRX      P-BY-P MXTRIX TRANSFORMING \ TO RX.    WX «-> TRX+.*W  ; B ♦-> RD+.*TRX   . 

THE FITTED  VALUES ARE    Y-RY *-*■ B+.^X ^> RD+.*WX  . 
ISS      INITIAL SUM OF SQUARES  {APPEARING ONLY IN THE OUTPUT OF  'REGRINIT'). 
RSS      RESIDUAL SUM OF SQUARES  {APPEARING ONLY IN THE OUTPUT OF  'REGR'). 

AFTER 'REGRINIT' IS EXECUTED IT CAN BE ERASED, AS ALSO ITS ARGUMENTS {WHICH 
SHOULD BE STORED FOR COPYING LATER WHEN NEEDED). 

(2) R£GR. THE ARGUMENT (L) 15 A SCALAR OR VECTOR LISTIiG THE INDEX N0.{S) OF 
THE INDEPENDENT VARIABLE{S) TO BE BROUGHT HEXT INTO THE REGRESSION. 

RENAME RSS OR ANY OTHER GLOBAL OUTPUT VARIABLE TO SAVE IT, BEFORE AGAIN CALL- 
ING  'REGR'. 

THE POSSIBLE REDUCTIONS IN RSS TABULATED IN THE IRINTED OUTPUT SHOW THE EF- 
FECT OF BRINGING ONE FURTHER INDEPENDENT VARIABLE INTO THE REGRESSION, A'lD MAY 
BE USED TO GUIDE THE NEXT CALLING OF  'REGR'. 

THE SO-CALLED MODIFIED GRAM-SCHMIDT ALGORITHM IS USED.    SEE 
AUSCOMDE:    J. MyAL STATIST.  EOS.  Ü  29  (1957),  1-52,  ESPECIALLY SECTION 1.4. 
BJÖRCK:    BIT. - ([ORD.  TIDSKR.  INFORMATIONSBEHAiW.   7  (1967),   1-21. 

- n - 
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JF roi/ w/ii/r ro FO/L rz/i' (i.'t/v^) PROVISION Mnimotw AUOVI:,   REPLACL THE »U' //V 

ZJ/ZF Cl] ^y -4 LMGEfi mSER. 

(3) fiafif/. ra/i ARGUMENT (V) IS A VECTOR, SUCH AS RY (IF A VECTOR) OR A ROW OF 
RX (IF RY IS A MATRIX) OR A COLUMN OF   RX   OR   DIAGQ    (SEC 'STRES'). 

NU IS USED AS DIVISOR IN FINDING TUE R.M.S. VALUE. IF 'SHOL" IS USED OUTSIDE 
THIS REGRESSION CONTEXT,    NU   MUST BE SPECIFIED FIRST. 

THE FREQUENCY DISTRIBUTION IN THE PRINTED OUTPUT IS OVER 6 INTERVALS OF EQUAL 
LENGTH. THE 1ST AND 62W INTERVALS ARL CENTERED ON THE LEAST AND GREATEST VALUES 
OCCURRING IN V. 

(U) SIBS2.'    NO ARGUMENTS; SHOULD DE USED ONLY AFTER 'REGR* HAS BEEN EXECUTED. 

GLOBAL OUTPUT VARIABLES: 
DIAGQ IS A VECTOR CONSISTING OF THE MAIN DIAGONAL OF A MTRIX Q (NOT FURTHER DE- 

TERMINED HERE) THAT PROJECTS Y INTO RY, THUS    RY <-* Y+.*Q  . 
SRY EACH ELEMENT OF RY IS DIVIDED BY THE SQUARE ROOT OF THE CORRESPONDING ELE- 

MENT OF DIAGQ (TIMES A CONSTANT). IF THE MEMBERS OF DIAGQ ARE ALL EQUAL. 
SRY IS THE SAME AS RY. 

(5) VARIANCE.    NO ARGUMENTS;   /SE ONLY AFTER 'REGR' HAS BEEN EXECUTED. 

ONE GLOBAL OUTPUT VARIABLE: 
XPXI    IS 'X-PRIME X INVERSE'.    UHEN REGRESSION HAS BEEN PERFORMED ON ALL COLUMNS 

OF    X,    XPXI   IS THE INVERbE OF    (^0+.*^;    OTHERl'ISE IT IS THE CORRESPON- 
DING EXPRESSION FOR THE COLUMNS OF   X   THAT HAVE BEEN USED,    TOGETHER l/ITH 
ZEROS FOR REGRESSION COEFFICIENTS NOT ESTIMATED. 

27 JUNE 1973 

V X REGRINIT Y;J 
[1] -*'3-(A/lSp^)A(A/lspy)A(v/ i 2 =ppy)A2=pp^ 
[2] -*-3+.M_lfpy )=/#/«-! tp-V 
[3] -»-O.pO'/VO GO.' 
[»0 X-*H,TRXHP,P)ol,IND<r(P*-'UQRX+X)0O 
[5] ■*<i*\l-wISS*-+/RY*RY*-Y 
[6j Ä0*-PpO 
[7] Q,*INITIAL SUM OF SQUARES (ISS), NUMBER OF READINGS AND MFM SQUARE ARE1 

[8] ■*0,Ü*-(i0.5+ISS),NU,0.001*l0.5i-l{m*IS5iNU 
[9]    /?#«-(( it py).p)po 
[10]    £,'       *Y-VARIABLE  ';e/;

,*, 

Cll]     'INITIAL SUM OF SQUARES (/55[';«/;']), NUMBER OF READINGS AND MEAN SQUARE A 
RE1 

[12]    (10,5+ISSi.J2)tNU,0.001*10.S+1000*ISSlJ}iNU 
[13]   -noad+pyja/v+i 

V 

V SWESiM 
111      ■*-2+*/0<DIAGQ*-l-+/M>((>M)p+HMIND/RX)*2 
[2]      -K),pOM MEMBER OF DIAGQ VANISHES.    SRY NOT FOUND. 
[3]      SRY-RY*(pRY)p(DIAGQ*(pRX)lll*NU)*~0.5 

V 
-  5  - 
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[1] 
C2] 
[3] 
O] 
[5] 
[6] 
[7] 
[8] 
[9] 
[10 
[11 
[12 
[13 
[14 
[15 
[16 
[17 
[18 
[19 
[20 
[21 
[22 
[23 
[24 
[25 
[26 
[27 
[28 
[29 

REGR UiDiliJ-JdSiU 
-*2i-(0<[h-i*)*J--{*/U\P)**/lioIs-,L 
■*0.pl>'/V0 GO. ' 
-^+lSi/[/<t-/Vf;-o=/A'Z)[^L[J]l 
■H)tpÜ*-'HU HAS VAtUSIIBD,' 
ItWUOl 
->9x \{ilUiD)<£+RX[ ;A']t, *RXi ;/C] 
'DIVISOR TOO SMALL AT COLUMll  ' ;A';' Of RX.' 

■*Q 

RX+RX-BXi vKh.*UHRXi ■,K']*-.*RX*((>RX)p~LllD)iS 
TRX*-TRX-Uo.*TM[.K;l 
■*12+2=ppRy-RY-(U+{Ry+.*RXl -MMS)*.*RXi iK] 
■*1H »miKl+RDlKl+U 
RBii/Ci+RBiiKl+U 
+3*\{pL)ZJ<-Ji-l 
lHiMm*S<r+fRX*RX 
Rss++m*Ry 
■*22* \J*-v/2=ppü*Rü + .*TRX 
Q,'RESIDUAL SUM OF SQUARES (RSS), D.F.   (tW) AlW MEAtl SQUARL ARL' 
(10.b+RSSJJWiO.001*10.5+10QO*RSS*hU 
'POSSIBLE REOUCTIOUS IN   RSS   ARE' 

■♦28,1>L0. 5+( (Ix/?y+. *RX)*2) iS\iWiD 
£,'       *y-VARIADLi:  •;./;'*' 
'RESIDUAL SUM OF SQUARES iRSSl'-.J;'}), D.F.   (IW) AND MEAi' SQUARE ARE' 
(10. S+RSSUI) ,tW,0.001*10. S+1000*RSSU1 UW 
'POSSIBLE REDUCTIONS IN   RSSl' ;c7;' ]    ARE' 
\.0.5+((I*Rnj;h.*RX)*2)iS[NUW 
^22xi(ltp/?y)>«7-<-t7+l 
->0xil=A/I 
Q. 'DIVISOR TOO SHALL AT COLUMN  f ;(~7)/!?;' OF RX.' 

V SHOU V;S;R;l/ 
[1]       •*'3-(v/6Sp7)Airpp/ 
[2]      -♦3+0<-/C[(/?*(*l')[(t3).(ltpl/)-<t>i3])[6  1]] 
[3]      •♦O.pO'/lü CO. ' 
[14]      15-K).Olxl0.5+100x((+/^K)*W)*0.5 
[5]      fcN3.0lx[o.5tlOOxH/?] 
[6]       '3 LOWEST,   3 HIGHEST WITH RANKS) AND R.M.S.   VALUES' 
[7]       Iff/;'   (Mt/?;'),   ,;i/[2];'   (';/?[2];'),   ,;J/[3];'   ('^[a];').   •;.'/[4];'  (' ;Ä[ 

U];'),   '^[S];'   ('^[S];').   ^S+f/;'   C^l/?;');   ' ;5 
[ Ö ]       • FREQUENCY DISTRIUUTION:     ' ; + / (0. i 5 ) ° . = I 0.5+5 * ( y- H1 f/?] ) * - MWL 6 

1]] 

V VARIANCE 
[1]      XPXI*-(((P,P)9lND\*+jIND/RX*RX}*<SiTRX)+.*TRX 
[2]      -"(1  2 =pp/?y)/ 3 u 
[3]      ■*0,pu*-'ESTIMATED VARIANCE MATRIX OF J IS:    XPXI*RSSiNU' 
[U]       ^ESTIMATED VARIANCE MATRIX OF UU;] IS:    XPXI^RSSUIiNU' 

7 

0  - 

- 
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Li]    •♦2f((3sx/py)A(A/2sipy)A4'=pp)' 
[2] -»ü.PLK'-W CÜ. ' 
[3j Q^GRAtiD MÜAi) (GV) IJ • ;ü'^U/./)♦/."-»/pl 
[1+3 'lüi'/lZ, JW./ (;F SQÜARLU AVOUT I-WAIJ Crttf), ÜÜCREES OF FRLCDO.: AU) i'JEAu SQUARE 

ARL.   ';fÜS, (..'-1), (*/V-1) >«'^5*-+ / ,Ry*RY*-Y-Gi-i 
[5] C.1      »Wf/Ä*' 
[61 'EFFECT (RE) ARE  ' ;ÄMt/W)*:Upy 
[7] 'SUM OF SQUARES (SSR), Ü.F.  AiJü il.S.  ARL   ' ^'^.("l+lfpy) .(f"l*ltpy)x5'5/?*-(l 

Lö]      C      *C0LUMilS*' 
!:9]       'EFFECTS (CE) ARE ' ;av(+//?/)Utp/ 
[10]     'SUM OF SQUARES (SSC), Ü.F. AUD M.S. ARE  ' ;.:;5C,Cl+Upy) ,(-:"l + llpy)K:;5C^(l 

tpy)»«^*.^/: 
[11J    £.'      'RESIDUALS*' 
[12]    'SUN OF SQUARES (RSS), D.F.   iUU) AitD i-l.S.  ARE  ' •,RSS,iU,(*EU+*/~l+py)*RS5++ 

/,M*RY*-Ry-RE<>.+CE 
[13]     "///£' Ai4fÄ/A ÖF RESIDUAL.! IS EAMED RY. ' 
[1U]    ■m)<SSR*SSC)/'2+()Ü*-Q,'       *TUKi:/"S TEST*' 
[15]    *pi>' TEST FAILS BECAUSE    SSR <SSC    VANIStlBS. ' 
[10]     'HEGRESSlOil COEFFT.   (/i) OF RY ÜiJ EF°.*rF IS ' :BHA*+/,Ry*RB0.*Ct:)*tHSSR* 

SSC 
[17]     "rJKEY"r>  l-D.F.   TEN!: IS   '-.A-A^F 
[IB]     'REMAIt.liiG SUF OF SQUARES t D.F.  AUF F..F. ARE  ' iAAUU-\),(-.FU-DtA-RSS-A 
[19]    «    TtUS PROGRAM PERFORMS A STANDARD AFALYSIS OF VARIAUCF ON A T\'0-"AY TAßL 

E. 
V 

V ROWCOLPERMUTE 
[1] RE+RElRMRE] 
C2] CE+CEiCP-lCEl 
[3] RY+RYlRPiCPl 
[U] 'RO'J PEmUTATIOtl (RP) IS   ' ;/?/J 

[5] 'COLUMri PERiWTATIOn' (CT) IS  ' iCP 
[b] 'RE. CE MD RY ARE UQU PERNUTED. ' 
[7] «    USE AFTER ROWCOL,  BEFORL ROi.'COLDISPLAY. 

V ROWCOLDISPiAY i;C;D;R;S;i' 
[I] ■♦2*(0<+/,I)A(0spp/)A(2=p5'*-  1   1)A(^2)CI2 
[2] -►O.pO'i^ GO.' 
[3] -^+i302p6V(~it(A-(D,z)xirLo.s+((u(7

,)-~iic'',')t/)+.x(ipr:;)^.<ipcr)po 
[<+] *Qii-"TllE ARGUMFFT IS TOO SMALL,   TRY AGAIi . ' 
[5] C[f/>1 
[b] £.'       *C0DüÜ DISPLAY OF PERMUTF.D RESIDUALS*' 
[7] ff«-( iti,^(i,ir[o.r,+((~ii/i'/v)-um')w//I.7)+.x(,p/^)o.<U)/7r)po 
[8] /?[W>1 
[y] 'i^-o'f/ DISPLACEMENTS ROUGULY MEASURE CHANGES III FITTED VALUES. \Q 
[io] a/?>r,^-»+P£,[[i*.5+3>«/?yfr/,i/?y] 
[II] fl    SEE  'ilOUTRIPLFFhOT'. 

-  1   - 
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i 

V ANALYZE Y 
Cl]      -*2t(A/2spy)A2<ppy 
[2]      -o.pOVÖ GO.' 
[3]      C^(l.ltppy)pl 
[4]       'GMUD MAN (CM) IS  ' iGH+i*/,Y)**/pY 
C5]       * TOTAL SUM OF SQUARES AIWUT MEAN {TSS)t DEGREÜS OF FREEDOM AND MEAN SQUARE 

ARE ' -.TSS,//(/,(*//i/-'l+x/py)xrc.9^+/ »RYyRYo-Y-GÜ 
[6]       'PROCEED ÜY REPEATEDLY CALLING THE FUNCTION  "EFFECT".' 
[7]       "THE ARRAY OF RESIDUALS IS ALWAYS iWIED RY, "ITH DEGREES OF FREEDOM NU.' 
[8]       'REimiE SS EACtJ TIME TO SAVE IT. ' 
[9]      A    BEGINS AN ANALYSIS OF VARIANCE OF A PERFECT RECTANGULAR ARRAY. 

V Z-EFFECT V;J;K;il\P;E 
Ci] ■*3-A/v/^^•(,^')o.=l/^M■/ppÄy 
[2] ■+3t A/o^^i-+//»/ 
li] ^O.pO'/ZO CO.'.Z-^" 
[u] ./■•-♦•/Up£>F*-OF.[ 13 A.'.O 
L5J /;^/W-i;F[e/;l+/?Xx/(pÄy)[l/])-Llf,[;l+/?]t.x( + /öf[J;])=Dft.K£)f[e/;] 
[6] SS+ii**/ ,Z*ZH-K)**T({K+*/M/QRY) t{oRY){Vl)pUPHMi \R) ,V)*)RY 
[?] Äy*-/?y-W(/.//pÄy),(pffy)[i'])pz 
[8] 'SUM OF SQUARES (55), Z7.F.  AND M.S. ARi   ' ;55,£?FU;1+/?].55TZ?FCJ;1+/?3 

[9] n   'ANALYZE' SHOULD BE CALLED FIRST. 

V Y-STDIZE XiC 
[l]      ^tv/Xxlt^v.x 
[2]      -KKpLh-'/i/O GO.' ,Y*" 
[3]       y^y'<((T"l+pJf)x+/yxy^-(+/^)ipA')*"0.5 
[u]     A   r/yf VECTOR X IS RESCALED TO HAVE ZERO MEAN AND UNIT VARIANCE. 

- a - 

■, 



v^———^w. ,.»«»,■,(.«••1—PMIPBf'l».-"MWi.l«W«,PI»Wimi.»i||i 

UOUFILTER 

FILTEBLIG TIME SERIES 
(1) (W'/ p/Lrw? A' 
(2) W/ /'W^ X 

(1) FILTJR. THE FIRST ARGUhLUT ill) IS A PAIR OF INTEGDRS DEFL'ING THE FILTER. 
THE SECOiU) ARGUMENT {X) IS A VICTOR OF DATA TO BE FILTERED. FILTERING CONSISTS 
OF SUBTRACTING A COSUE-VEIGHTED i-iOVim AVERAGE OF EXTEf'T f.ft.21 FROil A SLJLAR 
MOVLiG AVERAGE OF EXTENT W[l] . TtJE RESULTING HEIGHTS ARE DISPLAYED, TOGETHER 
l/ITH TdEIR SUM OF SQUARES. TtlE ELEMENTS OF It MUST UE EITHER DOTH ODD OR BOTH 
EVLtJ, OR ELSE ONE OF THEM MUST UE 0. TO GET AH ll-POIHT MOVIi'G AVERAGE, SET M 
EQUAL TO UO. TO DETREllD A SERIES EY SUBTRACTIHG FROM IT AH ll-POIHT MOVIHG 
AVERAGE, LET M DE 1 11 . FORA SWOTHEU DETREHDED SERIES, LET M BE (E.G.) 
3 11 . SETTIHG M EQUAL TO 3 1 YIELDS THE, SECOHD DIFFVREilCE OF X (DIVIDED 
BY H). IF THE HOHZERO ELEMENTS OF M ARE ODD, THE RESULT CORRESPOI'DS TO THE 
SAME TIME POINTS AS THE DATA (APART FROM LOSS OF SOME END VALUES). BUT IF DOTH 
ELEMENTS OF M ARE EVEN, THE RESULT CORRESPONDS TO TIME POIETS MIDI'AY DEf'JEEN 
THOSE OF THE DATA. 

IF AN ELEMENT OF   M    EXCEEDS k, A LITTLE CHEATING GOES ON AT THE ENDS OF    X , 
THE FIRST AND LAST ELEMENTS BEING REPEATED    R    TIMES AS DEFINED AT HI.       IF YOU 
DO NOT UANT THIS FEATURE, EITHER REPLACE [71 BY 
[7]      R-O 
OR DROP THE FIRST AND LAST    R    ELEMENTS OF    U . 

(2) (%&. AN ADAPTATION OF 'FILTER1 TO TAKING A COSIHE-UEIGHTED MOVING AVERAGE 
OF EACH OF SEVERAL VECTORS SIMULTANEOUSLY. THE FIRST ARGUMENT (M) IS A POSITIVE 
INTEGER, THE SECOND (X) IS A MATRIX. THE RESULT (U) IS A MATRIX, i.'HOSE RONS ARE 
mAT UOULD ÜE OBTAINED BY REPEATED APPLICATION OF 'FILTER* (MODIFIED AS SUGGEST- 
ED ADOVE BY SETTING   R+O) TO THE ROWS OF    X  : 

UUil -► (W.O) FILTER XiJ;l 
IF YOU WANT THE WEIGHTS TO BE DISPLAYED, INSERT   +   AT THE BEGINNING OF LINE [4] 
OR SOMETHING. 

28 JUNE 1973 

7 U+M FILTER X;P;R;W 
[1] >3-(A/2=P«)A(l=ppW)Al=pp/>f 
[2] -►3tA/(0iM)A(A/=lA;)A((0 = x/W)v0=2|-//';>,A(*/W)A(2x"2+p^)2P*r//1/ 
[3] ■♦O.pO'/VO GO.' ,U+" 
[«O ^(L0.5xP-Ad:i3)*((P-Af[l])p0),(l-2O(iW[l])xo2vl+W[l])fl+/<?[l] 
[b] /M/-(l0.5'<i5-An.2])<t)((P-/.t2])p0),(l-2O(iW[?])xo2n+Wt2J)vl+W[2] 
[6] 'FILTER WEIGHTS ARE    •;(/;•     WITH S.S.      ' j^+.x;/ 
[7] F*UP-i)m 
[8] +lll*\(l22)<1b*P*oX<-(Rpin),X,Rp~ltX 
[9]  -K),p(/-fc'+.*(o.l-PH("l+iP)(|)(P,pA')pA' 
[10] i(l:P«-pp(/^((pA)+l-P)pO 
[11J LMJ+WI:RI*(R-I)HR-P)*X 
[12]    -(PiR+R+D/ilfl 
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FOURIER AliAUSIS OF A TIME SERIES 
(1) V+K TAPER U 
(2) Z+-///1 V 

(1) MPgff. r/yff FIRST ARGUMENT (A') 15 /I POSITIVE lUTEGB'ti, AUD THE SECOND (U) 
IS A VECTOR OF LEUGTtl GREATER THAU 2*K . ':'!IE RESULT {V) IS A VECTOR OF LENGTH 
(pU)-K , A CIRCULARIZED VERSION OF U OBTH^: ED UY OVERLAPPING THE FIRST AND THE 
LAST K ELEMENTS. THE FIRST K ELEMENTS OF U MULTIPLIED BY A VECTOR OF LI- 
NEAR '»'EIGHTS M , PLUS THE LAST K ELEMENTS OF U MULTIPLIED BY 1-f/ , FORM K 
ELmENTS OF V , SOME AT THE BEGINNING AND SOME AT TUE END. THE REST OF V IS 
THE SAME AS THE REST OF U . THE WEIGHTS 11 ARE DISPLAYED. DIFFERENT HEIGHTS 
CAN BE OBTAINED BY ALTERING THE DEFINITION IN LINE [»♦]. THIS PROCESS IS NEARLY 
BUT NOT QUITE UHAT IS GENERALLY CALLED TAPERING. TO PERFORl-i A HARMONIC ANALYSIS 
OF A GIVEN TIME SERIES, ONE MAY SUCCESSIVELY EXECUTE 'FILTER',   'TAPER' AND  'HA'. 

(.2) M. THE ARGUMENT (V) IS A VECTOR OF LENGTH N NOT LESS THAN 3. THE RE- 
SULT (Z) 15 A MATRIX l/ITH TNO RONS. THE FIRST ROW IS THE FOURIER DECOMPOSITION 
OF THE TOTAL SUM OF SQUARES OF V (ESSENTIALLY THE LINE SPECTRUM OR PERIODOGRAM). 
WE SECOND RON LISTS PHASES. THE ANALYSIS OF VARIANCE SHOULD BE CHECKED FOR NU- 
MERICAL ACCURACY: 

+/Zilil *-* V+.*V 

Z[l;l] IS THE 'CORRECTION FOR THE MEAN' WITH 1 DEGREE OF FREEDOM. FOR NUME- 
RICAL STABILITY IT OUGHT TO BE SMALL. THE CORRESPONDING PHASE 2[2;l] IS SET 
CONVENTIONALLY EQUAL TO 0. IF N IS EVEN, THE LAST MEMBER OF ZClj] ALSO HAS 
1 D.F. AND THE CORRESPONDING PHASE ~lfZ[2;] IS SET CONVENTIONALLY EQUAL TO 0. 
ALL OTHER MEMBERS OF Z[l;] HAVE 2 D.F. ZCl;J+l] REFERS TO THE J -TH HARMO- 
NIC, J CYCLES PER N TIME UNITS, WHERE J IS LESS THAN IH2 . PHASE {BETW- 
EEN 0 AND 02) IS MEASURED RELATIVE TO A TIME ORIGIN ON THE LEFT, SO THAT THE OB- 
SERVED TIME POINTS APE    \N  .    THE FITTED HARMONIC IS 

AMPLITUDE x COSINE {PHASE +  {02*JiN)*iN) 
WHERE 

AMPLITUDE *- (Z[l;t7+l]x2v/y)*0.5 
PHASE *■ Z[2;J+1] 

15 NOV.   1971 

V Z+HA  V;J;M;N;A 
[13 -»■2+(3<y^+/pt')A(t/*l)=pp^ 
[2] -»■0,p[>,//0 GO.' ,Z+" 
[3] Z^(2,l + L/^2)p((-4x14*t/I/)T/;),(;i/+l)pO 
O] M* 1  2  o.0(02*ff)xui? 
[5] ZCl;^+lX2*/V)xi4+.x/}^/[ ;i+//|-i+t/x !/;]+.x^ 
[6] -►8-0=/l[2] 
[7] ->-9,ZC2;Jfl>oü,5+l=x/l[l] 
[8] Z[2;J+lXo2)|(o"l=x/l[2])-~30*//l 
[9] -+(10     1  s*U-2*J*J*l)/  5  10  0 
[10] Z[l;J+l>Ux^*-/F)W 

10 
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V iM'/ /WI' X'.RiW 
[1]      -*3-(0=ppW)A2=ppX 
[2]      ^3+(A/2:l)A(/.;=LW)AA)£~ltoX 
[3]      -►0,p[>l/Ml' i^O ÖO. ' ,£/*• ' 
[4]      {/♦■(l-20(i;;)xü2*l+A/)fl+A/ 
[5]      Mi'-POINT COSim-imiGUTED MOVING AVERAGEt 
[6]      /^-ppp^((pA')-0,W-l)pO 
[7] il:^i/tV[A]x(0,/?-l)t(0,/?-/V)W 
[8]      ^A/a/^-ÄtD/^l 

7 /♦* ^P^Ä i/;V 
Ci] •>3-(o=pp;OAi=ppi; 
[2] -►3+(A'=L^)A(Ääl)Al«.(pi/)-2xÄ 
[3] -►O.pCH-'iVO GO.W+" 
[U] 'TAPER WEIGHTS ARE    '^Mi/O^+l 
[5] ytiXX(->{)tf/)+f/xy[iX]-(-A')+/7 
[6] MU*2)<>(-X)+i/ 

7 C+-A/ AUTGcVV ViJ 
[1]      -►2+(/^'l++/p^)A(J+-2s+/pl')A(l^ppT/)A0=pp^ 
[2]      *0,pl>,/i?O GO.' ,0+" 
[3]      CH'+.xK 
[4]      ^4x/i/2j^p(74-C,,(c/+l/)+.x(-{/)+l/ 
[5]      n    FlÄSr W mWS OF CORRELOGRAM OF V ARE    1+C*C[1] 

[1]      Z'K).5+(x^)x0.5-(*^x^~2)x((^i+o.2316419x11)0.*i5)+.x  319381530  ~3565G3782 
1781H77937  "1821255978  133027141+29  x3.9ö9U228OU/i'"l0 

[2]      n    HASTINGS APPROXIMATION TO THE NORMAL  {GAUSS-LAPLACE) INTEGRAL FUNCTION, 
NBS HANDBOOK,  AMS5S,  26.2.17. 

[3]      fl    ABSOLUTE ERROR IN Z LESS THAN \E~1.     X MAY BE ANY NUMERICAL ARRAY. 

V X+INIF PiU 
ill      -»■2+A/,(1>P)AO<P 

[2]     -^pCh-'W C>9.'.nr^" 
[3]      (M"2x«O.'-|P-O.,5)*0.5 
[t]      ^(xp-o.5)xy-((yo.*_i+l3)+.x  2515517  802853  1032fc)*(^o.*~l+li|)+.x 

1000000 1U32788  18926?  1308 
C5]      fl    HASTINGS APPROXIMATION TO THE INVERSE OF THE NORMAL INTEGRAL FUNCTION, 

NBS HANDBOCK, AMS55, 26.2.23. 
[6]      fl    ABSOLUTE ERROR IN X LESS THAN 5E"u.     P MAY BE ANY ARRAY OF NUMBERS BEW 

EEN 0 AND 1. 
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ROBUST REGRESSION 
(1) 22-^? //W/CT Z 
(2) DZ+HUBERl 
(3) DZ+HUBER2 

THE FWCTIOll 'tWBilR* PERF0R11S OI'E CYCLE OF ITERATION TOUARDS MIUItilZIi'G THE 
SUM OF A FUUCTIOiJ RHO OF TUE REST Du ALL IU A REGRESS 101! PROBLEM, THERE RHO IS 
DEFINED IN TERMS OF A POSITIVE CONSTANT    K   AS FOLLOI/S: 

V U + RHO Z 
[1]       y*-((0.5xZ*2)'</{2|Z) + (A/x(|2)->CT2)'<Ä<|Z    V 
{SEEP.  J.  IWBER:    Mä-  MATH. STATIST.   35   (1964),  73-101.) 

K MY BE SPECIFIED IN ADVANCE, OR ALTERNATIVELY lUY BE DETERMINED BY THE CON- 
DITION THAT A SPECIFIED PROPORTION OF RESIDUALS EXCEED K IN MAGNITUDE. CALCU- 
LATION OF ESTIMATED CHANGES IN THE REGRESSION PARMiETERS AND IN THE RESIDUALS IS 
DONE BY A SUBSIDIARY FUNCTION, 'HUDERV OR XHUBER2\ IF NEITHER OF THESE FUVC- 
TIONS IS APPROPRIATE FOR THE DATA, INSERT A IM I LINE IN % HUBERT AS FOLLO'fS: 
[8.13 •*-Ü*tpDZ+aUBER3 
AIW DEFINE A NEW SUBSIDIARY FUNCTION STARTING 

V DZH1UBER2;   .   .   .   V 

(1) HUBER. THE F1:-JT ARGUMENT (/?) MUST BE SCALAR. IF IT IS "l, THE CURRENT 
GLOBAL VALUE FOR K IS USED; OTHERUISE R MUST LIE BETVEEü 0 AND 1, 010 IS THE 
PROPORTION OF RESIDUALS TO EXCEED K IN MAGNITUDE. THE SECOND ARGUMENT (Z) IS 
THE ARRAY OF RESIDUALS CORRESPONDING TO A TRIAL SETTING OF THE REGRESSION PARA- 
METERS BETA , l.'HICN MUST BE SPECIFIED BEFORE 'HUBER' IS CALLED. THE EXPLICIT 
RESULT iZZ) IS A NEU SET OF RESIDUALS, THAT CAN BE USED AS SECOND ARGUMENT IN 
THE NEXT CALL OF  'HUBER'. 

GLOBAL OUTPUT VARIABLES: K, DBETA (ESTIMATED REQUIRED CHMGE IN PARAMETERS), 
BETA  {NEU PARmETER VALUES). 

THE PARAMETER CHANGE DBETA YIELDED BY THE SUBSIDIARY FUNCTION IS DETERMINED 
FROM THE FIRST AND SECOND DERIVATIVES OF THE SUM OF RtlOS AT THE INITIAL BETA . 
IT YIELDS THE TRUE MINIMUM OF THE SUM OF RHOS, FOR THE VALUE OF K USED, IF NO 
CHANGE OCCURS IN THE INDEXING OF THE RESIDUALS THAT EXCEED K IN MAGNITUDE — 
THOSE RESIDUALS BEING REFERRED TO AS 'MODIFIED RESIDUALS'. OTHERUISE THE TRUE 
MINIMUM IS NOT OBTAINED. THEN THE RESIDUALS ARE CALCULATED VITU THE FULL PARA- 
METER CHANGE DBETA AND ALSO WITH CHANGES WAT ARE ONLY 0.9, 0.8,... OF DBETA, 
STOPPING i/HEN THE SUM OF RHOS IS LEAST. THE MULTIPLIER OF DBETA IS NAMED AL- 
PHA IN THE DISPLAYED OUTPUT. THE VALUE ALPHA =0.0 CORRESPONDS TO THE INPUT 
PARAMETER SETTING BETA . WAT IS FINALLY YIELDED AS THE OUTPUT VARIABLE DBETA 
IS THE FIRST DBETA MULTIPLIED BY THE BEST ALPHA ; AND THAT DBETA IS ADDED 
TO THE INPUT   BETA    TO MAKE THE OUTPUT   BETA   . 

'HUDERV AND 'HUBER2' MILL FAIL IN EXECUTION IF THE RIGHT ARGUMENT OF ffl IS 
SINGULAR. IF THAT HAPPENS, (CLEAR THE STATE INDICATOR AND) START 'HUBER' AGAIN 
WITH A LARGER    K    (OR SMALLER POSITIVE   R  ). 

(2) dlMSl IS INVOKED UHEii Z IS A VECTOR. THERE MUST BE A GLOBAL MATRIX 
X   iJHOSE COLUMNS ARE WE INDEPENDENT VARIABLES IN A REGRESSION.    FOR CONSISTENCY 

pZ *•* UpX ;    QBETA *-*■ ~UpX . 
THE ORIGINAL DATA  VECTOR, NOT NAMED IN THE PROGRM], WAS EQUAL INITIALLY TO 

Z t Xi-.*BETA  . 
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3 COLUMN. 
(3) M^7?2 15 INVOKED UUCu Z IC A MATRIX. 2 MUHT HAW AT LEAST 3 RO"S AfD 

THE USUAL ADDITIVE STRUCTURE IS FITTED. BETA IS A VECTOR OF LEI.'GT.I 
lt+/p2 , AUD LISTS THE MEAP, THE ROU COUSTAUTS (SUmi'JG TOO), APD THE COLUMi' 
COiJSTAHTS (SmilUG TO G). THE ORIGLIAL DATA MATRIX, MT CAiCD HI WE PROGRAM, 
WAS EQUAL INITIALLY TO 

Z + UETAill + UpZ)Ll'inmTA)o.HpZKllniüETA . 

23 JUHE 1973 

V ZZ-HI HUHER ZiüZ;I;Il;JiHiP',S;Sl;ZZl 
111 
121 
131 
M 
[5] 
[6] 
C7] 
[8] 
[9] 
[10] il^CZZ*" 
[11] i2:-^(ilxiÜ=x/pZ?Z+-/yi/£?£7?l),i,i4 
[12] lL3:-*ti.l*\0=*/pDZ+HUHER2 
[13] i4:->-i6xiA/,J=Jl^A'<|22^ZtZ)Z 
[It]     'FOR ALPHA  =  1.0, SUil OF RHOS 

2 
[15] i5:Il^<|ZZl^Z+öZx^J-0.1 
[16]    'FOR ALPHA =   ' ;</;', SUil OF BIOS =   • ;6,l^(0.5x+/,ZZlxZZlx~Jl)+/!:x+/,Iix( |ZZ1) 

-.1*2 
[17]    ^xiCJsSDvJrü 
[18]    S*-51 
[19]    ^.pZZ^ZZl 
[20] itBi'milMJZED SUM OF RHOS =  ' ;(0.5xt/,ZZxZZx~I)+;{x+/,l*( |ZZ)-Ä*2 
[21] U-.'DBETA -   ' ;DüETA4-DtlETA*llJ+0.1 
[22]     'HE-TA =   ' iHETA+SETA+DJETA 

+2+(()(iLJETA4-,ßETA)*{0=()pR)*J*-3ii,'*-*/pZ 
■*LX,P\>'HUBER HO GO.* 
*(H*~l)/6 
+i(l>P)v^<iVO. 5+/vXl-R)/2 
x*+/(i o t 'i i xp-LP)x|(.z)[(^i,z)[([i3).rp]] 
'A'  =   ';/{ 
1 INITIAL LlUMBER OF MODIFIED RESIDUALS =   ,;+/,J^<|Z 
'FOR ALPHA  = 0.0. SUM OF RHOS =   ' ;(0.5X+/,ZXZX~I>+äX+/,JX( |Z)-^*2 
((1  2  =ppZ)/i2,^3),2 

l;5-t-(0.5x+/,ZZxZZx~Jl)tA'x+/,Jlx(|ZZ)-^ 

V DZ+HUBuRl;* 
ill      -►2f((pi.Z72,>l)="ltp/)A(^=ltpA)A(2=pp^)Al=ppZ 
[2]      ->pD*-'HUEERl HO GO.' ,DZ*-" 
[3]    £)Z'»-/+.xz?z;i.'2'/i^((A/Lzr-A)+.xxjlii(^)+.xy^(~j)/^ 

V 

7 DZHWBER2 iAiBiCiD;W;i/ 
[1] ■•>2+((pt<m)=l++/pZ)A(A/3:£pZ)A2=ppZ 
[2] ■-pÜ<-'HUüER2 NO 00.'^+" 
[3] iM-(f/.^),(+/£/).+/ü«-iazr-A 
CO ^((pZ)[2 2]pl,(pZ)[2]pO)x(pZ)[2 2]p/l*+/~J 
[5] ^((pZ)[l  l]pl,(pZ)[l]pO)x(pZ)[l  l]pö-^/~I 
[6] /^-((+/Z/).-(+/J).+/J).[l](d.Z?,-J).[l] /l,(V-I).C 
[7] /l^*C*ü*,• 
[8] £)Z^-(l+Z>ÖiT/l)+((pZ)[l]+l+^£;J,>l)». + (pZ)[l] + UZ?Z?ffr/1"^©/ 

- 13 
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ANALYSIS OF COIJTii,GENCY TAIJLES 
( 1) COiJTI/JGEiiCY f.i 
( 2) FOURFOLD M 
( 3) MULTIPOLY J.l 
( ... ) Y+V POOL X 

THE FIRST TWO FUUCTIOiJS APPL1 TO 2•DIML:dSIOi'JAL CONTiiJGEUCY TABLE'S • TilE OTHERS 
ro CONTiiJGl!.'iiCY TABLES IN ANY i1Ur4iJER OF DIMJ!.'NSIONS. 'CONTiivGENCY' PERFORUS A CHI 
SQUARED Ti:.'ST OF ASSOCIA~IOll • IIITII DISPLAY OF STAiWARDIZL:D Rl!.'SIDUALS. 'FOURFOLD' 
io#A.f dS APPLIED WHEU THE CATEGORIES OF i:.'ACH CLASSIFICATION ARJ; ORDERED. EJ.fPIRI
CAL LOG CROSSPRODUC'J' (FOURFOLD) RA'i."IOS ARC DISPLAYED; A PLACJ{E'i'T DISTRiiJUTI0/1 IS 
FITTED. AiiD GOODUESS OF FIT IS TESTED BY CIJI SQUARED. CIITil DISPLAY OF STANDARDI
ZED RESIDUALS. '/olf.JLTIPOLY' F IllDS Ef.IPIRICAL LOG CROSSPRODUCT RATIOS. ANALOGOUS 
ro ~'HOSE OF 'FOURFOLD 1 FOR 2-DIMENSIOUAL ~ABLES . 'POOL' POOLS CATEGORIES IN ANY 
TAJJLC. 

( 1) OOilTINGEIJCX. THE ARGIJI.!ENT (M) J>1UST BE A MATRIX OF NOTJNEGATIVE INTEGERS. 
dAVING iiO ZERO f.iARGiliAL TOTAL. (IF 14 liAS FRACTIONAL COUt!TS. LINE [1] SHOULD 
BE BYPASSED.) GLOBAL OUTPUT VARIABLES: EF (MATRIX OF EXPECTED FREQUENCIES). SR 
(NA2'RIX OF STAHDARDIZED RESIDUALS). SR IS DEFilli:.'D Til US: 

SR + (M·EF)+EF•O. 5 
-ti.SRxSR IS CHI SQUARED. 

llQ'l.i. FOR GUTTMAN PREDICTION OF THE COLU1'1iJ CATEGORY FRO!! THE ROJl CATEGORY. 
LANBDA + ((+/f /1-1)-G)t(+/.M)-G+r/+-JI.J 

(SEE GOOCMAN AND KRUSKAL: lMA ,.9 (195,.). 732-76 .... ) 

(2) EJ2UBPQLD. SAME REQUIREMENT FOR 11 AS Ill 'CONTINGENCY'. TilE MATRIX OF 
lOG FOURFOLD RATIOS i/AS Dif.JE'NSION VECTOR (pM)-1 • AND REFERS ro ALL POSSIBLE 2-
81·2 TAJJLES 'l'JJAT CAU BE FORI-lED FROM M 81 POOLING ADJACCIJT ROilS AJ,'D COLUMNS. IF 

i/11 I U12 
N21 I N22 

IS SUCH A TABLE. THE JIATURAL-LOG FOURFOLD RATIO (LFR) CALCULATED IS 
e+/0. 5-t(I/11.Ul2 , d 22 . 1121) 

THE o. 5 ADDED 7\? EACH COV1JT UAi,ES LFR A ROUGHLY UNBIASED ESTIMATE OF LOG PSI, 
WHERE PSI IS TdE CORRESPONDING FOURFOLD RATIO OF PROEJADILI'.l!ES. AND PREVEtiTS 
DISASTER IF Al/1 CO~'m, IS ZERO. 

POSSIJJLX TllESE VALUES OF LFR DIFFeR OIJLY iJY SAMPLING ERROR. A PLACKETT DIS
nlilJUTIOtJ tJAVING CONSTAU~' PSI IS FITI'ED ITERATIVZ::LY DY MAXII·.VM COI'/DITIONAL LIKE
Lri/OOD. GIVEtl TtJAT TilE 14ARGI lAL PROBAJJILITIJ.JS ARJ:,' PROPORTIONAL TO TJJE GIVEIJ MAR
GINAL 'l'OTALS. AT STAGE 0 THE THR/J£ TRIAL VALUES FOR LOG PSI ARE TilE MOST PRE
CISE OF THE l.fiNBERS OF LFR AIID THE SAUE t 0//B ESTIMATED STANDARD ERROR. THE 
WG LIKELIHOOD FUiiCTIOll IS COOPUTCD FOR THE 3 VALUES OF LOG PSI • A PARABOLA IS 
PITTED. AiiD AT STAGE 1 '!"tiE NEXT 3 TRIAL VALUES FOR LOG PSI ARE THE VALUE TO MAX
INIZE THE PARABOLA AtiD A VALUt ' ON EITIJER SIDE, USUALLY CLOSER THAi.' BEFORE. AF
NR AT HOST " ITERATIO;lS • EXPCCTED FREQUENCIES (EF) ARE CALCULATED, AND HENCE 
STAllDARDIZED RESIDUALS (SR) AJID CIJI SQUARED. 

TtlE " ITERATIONS JJIU NOT FI/JD 'l'TIE CORRECT M.L. VALUE FOR LOG PSI IF THAT IS 
INFINITE. TO ADJUST THE MAXIMUM riUt.fB.:R OF ITERATIOf.!S, CHAliCE THE ' ... ' IN LINF.: 
[1] '.i'O AllY ItiTi:.'GER IIOT LESS THA/i 2. 

St:E 
PLACKETT: ~ 60 (1965), 516-522. 
7VKE1: EXPLOJlAXOR.f ~ NIALXSIS, ADDlSOi! !/ESLCY, PRELif.-' . ED. 1971. CllAP. 29X. 



'■tH-.-U 

W^^wtm^» ■i--«"-.WS«* 

(3) MULüxi-üL'i. 'i'tltl HhJUNLiJi wi) iMÜ'i' üb h,J AtüiAl' OF tiuuitüA'ilVü IHTÜGEiiS Ih* 
2 OR MORE DIMENSIONS. GLOBAL OUTPUT VARIABLES: LCR {LOG CROSSPBWUCT RATIOS), 
ESE (ESmiATED STANDARD ERRORS).    LCR   AND    ESV.    tlAW. DIMEUSIOP VECTOR    {pM)-l   . 

LCR    IS THE SAME AS    LFR    HELDL'D DY 'FOURFOLD'. 
THAT 

IF    M 
CAIt    BE 

IF   M   IS A MATRIX, 
IS ^-DIMENSIONAL,    LCR   REFERS TO ALL POSSIBLE  2-By-2'DY-2 TABLES 
FORMED FROM   M   BY POOLING ADJACENT PLANES, hOI.'S AND COLWiNS,    IF 

dm i um    Jizii-Läin. 
N171   I   11122 N221   I  tl222 

IS SUCH A TABLE,  THE NATURAL-LOG CROSSPRODUCT {EIGHTFOLD) RATIO   LCP    IS 
•i/O.S*iNlll,Nn2,Nl22,ill21,N221,N211,N212,N222.) 

THE VARIANCE MX BE ROUCHLX ESTIMATED BY 
*/*Q.5+Unil,iJn2,   .   .   .   ,N222) 

THE SQUARE ROOTS ARE PUT OUT AS   ESE .    SIMILARLY IF   M   HAS MORE THAN THRE.-  DI- 
MENSIONS. 

CO EQQL.. THE SECOND ARGUMENT (X) IS AN ARRAY IN 2 OR MORE DIMENSIONS, TYPIC- 
ALLY A CONTINGENCY TABLE OR A TABLE OF EXPECTED FREQUENCIES. THE FIRST ABGUMENT 
{V) IS A VECTOR l.'ITH AT LEAST 3 ELEMENTS. r/Cl]    SPECIFIES THE COORDINATE, AND 
UV SPECIFIES THE INDEX-VALUES, OVER miCH THERE IS TO BE POOLING. SECTIONS OF 
X CORRESPONDING TO INDEX-VALUES 2W OF COORDINATE f[l] ARE ADDED TO THE SEC- 
TION UITd INDEX-VALUE ft2] , AND THEN THE FORMER SECTIONS ARE DELETED. THUS IF 
X IS A MATRIX UITH 5 ROW, AND IF V IS 14 5 1, POOLING WILL BE OVER THE 1ST 
COORDINATE (ROWS); THE CONTENTS OF ROl'S H, 5 AND 1 WILL BE ADDED, PLACED I/" RCV 
4, AND THEN ROl'S  5 AND  1 UILL BE DROPPED, SO THAT THE RESULT {Y) HAS 3 ROWS,  THE 
OLD 2ND AND 3RD AND THEN THE SUM OF THE OLD 1ST,  427/ AW bTH ROl'S. IF    V    HAD 
BEEN    lli+5 
OF ROWS. 

THE SAME RESULT WOULD HAVE BEEN OBTAINED EXCEPT FOR A PERMUTATION 

9 JULY 1973 

[1] 
C2J 
[3] 
O] 
[5] 
[6] 
[7] 
[8] 
[9] 
[10] 

V CONTINGENCY M;C;R 
->2+(A/,OS/;)A(A/,A;=L/V)A(A/2<p/V)A2=pp/i 
-»pO'i/O GO,   THE ARGUMENT SHOULD HE A MATRIX OF NONNEGATIVE INTEGERS. ' 
-••1++ ( A /1 <CV+ m) A A /1 <#«-+/A; 
-►pO'.VO GO,  A MARGINAL TOTAL VANISHES.' 
'THE MATRIX OF EXPECTED FREQUENCIES IS NAMED    EF  .' 
'LEAST MEMBER OF    EF '■,l/,EF+Ro.*Ci + /R 
'STANDARDIZED RESIDUALS (SR):' 
0.01*10. S+lQQxSRHEF^O.^^xM-EF 
'CHI-SQUARED    =     '; + / ,67?* SR ;i>'' 
'DEGREES OF FREEDOM    =     ';></  :+prf 

7 Y*V POOL XiP 
[1] ^3-(A/(lf,I/)<ppX)A(A/2<pZ)A(2<ppA:)A(l=ppl/)A(3<+/pI/)A(A/,l<l/)AA/,^=t^ 
[2] ■>3t(A/(14l')S(pZ)[l/[l]])A(~l+p[/)=+/,(l+l')o.=iiK 
[3] ■K),p[>,//0 GO.' ,Y+" 
[U] YH(ltpX),*/UpX)pXHiP<-V[ll,{V[.l]*\ppX)/xppX)W 
[5] y[y[2];]-H-/n.l + K;] 
[6]    ^p«?((i+py),i+pA')py-<-y[(A/(2+K)o.*iitpy)/iitor;] 

v 

i 
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FOURFOLD MiWiBiCiGTiRCTiCCTiSiJiDiLiJTS 
-►2+(2SJ3'5'<-U)A(A/,A;>J-H0)A(A/,A;=|A;)A(A/2SP/-/)A2=PPA/ 

-»•pO,/^ GO, THE ARGUMSh'T SHOULD BE /.. imUEGATIVE INTEGER MATRIX l/ITH POSIT 
IVS MARGINAL TOTALS.' 
fM(iÄ)».ai/?*-(pW)[l])+.xA/+.K(»C)o.Si(7*(pAO[2] 
GW/iRiCl 
■*2*\v/(RCT,GT) = 0,RCT+,((R-l),~l)*U 
*2*\v/iCCTtGT)sOtCCT+%Cl,C-lh(,' 
1/+ ~1 "l  W 
i/+0.5ii'tURCT°.i(C~l)(>0)-l/)AGT+W-RCTo.+CCT),i2.5lU{R'l)(>0)<>.+CCT)-l/ 
'LOG FOURFOLD RATIOS (LFR):' 
(i0.5i-100*LFR-*m/W)ilOO 
LP*i tLFR)W\S+l/U+,i-/iin 
LP+LP+ "10 1 *S<-S*0.S 

[.131 bl:1 STAGE  '-^i':     LOG PS I    =    ' ;LP+LP+lE'll*GT*v/GT>200000000000*\LP 
ClU]    y*<}T+Cl+PSI**LP)o. *RCT°.+CCT 

^(J/-((Wx{/)-(UxFS'JxPSI-l)o . x/FCfo. XCCDAO. 5 )*(2xP5J-l )o.+ (pLFff)p0 
f/*f/-0,[2]  0 "1 0  UM/-0.  0 0 "1 +f/^(f/,[2]((pLP)pO)o.■^CC2,),((pLP)pO)o.+Ä72,, 
GT 
-^3* \J=ITS 
L+f/+/{(.py)pt.])*®l/ 
>i2xi02iK-/L[2  12   3] 
Z,P*-,Z,P[23iZK(5x-/L[3  1])T2XZ) 

-►£rlxiJ2,5=e;^J+l 
irS^-d 0 =S>2*\D)/(J-H),ITS 
^l,pLP^LP+    10 1  x5^(5*1)r{ü.5''|Z?)LS 

[24] tf:'LIKELIHOOD F1J CURVES UROtJG UAY.    ENTER 3 INCREASING EQUAL-SPACED VALUES 
FOR LOG PSI.' 

[25]    -••(£1M((-/  2fLP)s-/2tiP)A0>-/2tiP«-3f,Ü),i2 
[26] tfi'THE MATRIX OF EXPECTED FREQUENCIES IS NAMED    EF .'.O" 
[27] 
[28] 
[29]    0.01xL0.5flOOx5/M£,F*"0.5)*W-Z?F 

'CHI-SQUARED    -     ';+/,SR*SR ;[}<-" 
'DEGREES OF FREEDOM    =     ';~l+*/pLFR 

[1] 
[2] 

[3] 
[4] 
[5] 
[6] 
[7] 
[8] 
[9] 
[10] 
[11] 
[12] 

[15] 
[16] 

[17] 
[18] 
[19] 
[20] 
[21] 
[22] 
[23] 

^ 

'LEAST MEMDER OF    EF    =     ' ;L/,iT<H-Ar/ 
'STANDARDIZED RESIDUALS (5/?):' 

[30] 
[31] 

V MULTIPOLY M;I;K;i' 
[1]      ->(pl^ 1 0)+(A/',/V>0)A(A/,/;=LM)A(A/2SP/OA2<^-PP/V 

[2]      -"CPO'/W GO,' 
[3]      ^3xi(2*Ä)>pI^J.~J 
[4]      ^xi(2x^)>pp^(1;(opW)-A'),((ppW)-^) + (2+iA,+l),   2   1 )^+.x(-//),[ 

2.5] /iMi//)o.>i   l+/i^-"xtpW 
[5]      lMN<-l)J.-2> (ipl) ,Ki^)pl} 
[6]      K;'-VARIABLE INTERACTION—LOG CR0SSPR0DUCT RATIOS (LCR):' 
[7]      O.OlxL0.5+100xLCi?-*-P(x^W)4x^(~I)//j 
[8]       'ESTBiATED STANDARD ERRORS  (ESE):',[}*■" 
[9]      O.OlxL0.5+100x£,S'£M2x-MfilO*o.5 
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CHARACTERISTIC ROOTS AND VECTORS OF A SYmETRIC MATRIX 
Y*€ JACOUI X 

THE SECOUD ARGUMENT (X) IS THE GIVEii MATRIX, TO BE TRAtlSFORMED TOWARDS DIAGO- 
NAL FORM BY JACOUI'S METHOD. THE FIRST ARGUMENT (C). A POSITIVE SCALAR, IS THE 
TOLERANCE FOR OF! DIAGONAL ELEMENTS IN THE TRANSFORMED MATRIX. THE EXPLICIT RE- 
SULT (Y) IS A THREE-DIMENSIONAL ARRAY UITH 2 PLANES. YCl;;] 15 THE TRANSFORMED 
MATRIX, AND SO 1 1 fitfCl;;] IS THE VECTOR OF ROOTS, UHICU IS ALSO OUTPUT AS THE 
GLOUAL VARIABLE 'ROOTS'. THE CORRESPONDING VECTORS ARE THE COLUMNS OF yt2;;] . 
THE GLOBAL SCALAR VARIABLE 'ITERATIONS' IS THE NUMBER OF PERFORMED STEPS OF THE 
JACOBI PROCESS. 

USUALLY (IF THERE HAVE BEEN ENOUGH ITERATIONS) THE ROOTS APPEAR IN DECREASING 
ORDER. 

TO SEE THE EFFECT OF REDUCING THE VALUE OF C , LET Cl AND C2 BE TOLERAN- 
CES,  THE FIRST GREATER TUS-N THE SECOUD.    ENTER, FOR A GIVEN MATRIX   X , 

Yl+Cl JACOBI X 
ROOTS 
ITERATIONS 
Y2+C2 JACOBI nU;;] 
ROOTS 
ITERATIONS 

THE SECOND VERSION OF    'ROOTS'    IS THE BETTER ONE. THE CORRESPONDING IMPROVED 
EIGENVECTORS ARE THE COLUMNS OF    yi[2;;]+.xy2[2;;]   . 

5 DEC.  1972 

• Cl] 
i [2] 

[3] 
CU] 
C5] 
C6] 
[7] 
[8] 
[9] 

V y*C JACOBI X;A;I;J;K;M;N',R;S;Z 
^2+(A/C>0)A(o=ppC)A((+/,6,)>r/|(,X)-,W)A(u<+/pX)A(=/pJOA2=pp^ 
^o.pO'/yo co.'.y-" 
I-»-,(uV)°.<wV<«-+/lfpY*-X 
R*UhN)()l,NpITERATIONS+0 

LVMC&M/Z+lI/tY)/^ 
e/-H+ W~K+1+N I   1+MHI\Z) \M)iN 
+(Yy:n*YlK-M)/L2 
•^3,p4-K) 0,25xxy[J;K] 
42:^0.5"(Oi[J;J]<y[X;X])+"302xyU;A']*y[Ä;A']-y[J;J] 

[10] t3:S«-(i;./.)pl,/VpO 
[11] S[.K;Ktjy-  1 "1 *SlJ;J,lO 2 1 °.oA 
[12] y-KW+.x.V-.^.t-Ä+.xS 

[13] ^1, pIToR 1 TIONS+ITEnATIONS* 1 
[14] bU:ROOTS*-  1 1 W 
[is] y^y.co.5] R 

V 
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HOfiPLOT 

TJin£1'.' FUliC'~'IOdS FOR PLOTTING 
( 1) W+U SCATTER PLOT V 
( 2) DOUIIPLOT V 
( 3 ) S RO:IPLOT V 

'SCATTCRPWT' IS USCD FOR Jt:ATTERPWT'l'ING CORRESPOilDiiJG NIJ.1IJ1::RS OF TliO VEC
roii3. THE !/HOLE CHARAC'l'l.~R ARRAY IS GE!Il:.'RATED Ill THE !IS AND MM THEN DE PRINTED. 
'lXMNPLOt' IS USSD FOR Pl·OTTING MEJ.liJKRS OF ONE OR MORE VECTORS AGAINST TIIEIR IN
Di:X NUMBERS. THE CHARACTER ARRAY IS GENERATED AiiD PRINTED LINE BY Lli'IE; I'l IS 
NOT STORL'D Ill TilE f..IS. 'IKMPLO~., , Gt.NERATES Al/D DISPLAYS IN ONE RO~I THE COHTEUTS 
OF i:A.Cll OF Oi'IE OR MORE VECTORS. SEE ALSO 'HOYTRIPLEPLOT 1 • 

( 1) fi.(:~~~8P..IJll.. U AND V ARI:: VECTORS OF EQUAL LENGTH. CORRESPONDING HEJ.BERS 
U(J] AND V[J] ARE PLOTTED AS AESCISSA AIID ORDINATE OF A POINT. A SINGLE POINT 
IS SHO!IiJ AS o, TCIO COINCID'CNT POINTS AS e. TllREZ:: OR MORE COII!CIDENT POI/ITS AS e. 
(YOU J..lilY CHANCE THIS CODE Ei.SILY--SEE DELOll.) 

TO GET I. S! iiC:IE PLOT 00 NOT ll.4ME AN EXPLICIT RESULT DUI' CALL THUS: 
U SC.1T'l'ERPJ.IJT V 

TO GET A PLOT .4llD ALSO STORE THE SYf.lBOL ARRAY FOR MAKII!G A COPY LATER CALL THUS: 
[J.-fl+{) Sc.,~i TTERPLOT V 

THE USER IS INTE&'-:O:JATED AIJOlJT THE SIZE OF TilE PLOT (NO. OF At?SCISSA VAWES. 
NO. OF O"J.""Jf:.'~TE VALUES). AND ABOUT liHETHER liE flAiiTS THE IIORIZOllTAL AND VERTICAL 
SCALES TO liZ E.?UAL. IF THE SCALES ARE ilOT f.!ADI:: EQUAL Tll'CY ARC CHOSEii LIKE THIS. 
THE ABSCISS.1 !:tJ UE O)it:T IS EQIJAL·SPACED. TJJE LEAST EQUAL TO <l/U). Tl/E GREATEST 
TO <r /U). LXG'EPT THAT IF THESE EXTREMES DO NOT HAVE THE SAf.!E SIGrl THE VALUE SET 
IS NINIM.1LLY TRA '!SLATED WITHOUT CHtl/JGE OF SCALE SO THAT 0 BEroi1fES A NJ:'J,IIJER OF 
17JE STn. L IMIL/'.RLY FOR ORDINATEE. IF THE SCALES ARE I-lADE EQUAL. EITHER THE AB
SCISSA V.IILUE STJT OR THE ORDINATE VALUE SET MAY i3E S//ORTElilW. TO AVOID U/JiV£CESSA
R1 BLANK COTU . .'iiS OR ROUS Ill TrlE PLOT. TilL' COORDiiiATES OP THE PJ.IJTTED POI/ITS ARE 
ROUi'IDb7J ':v 'i'l/.r.: NEAREST MFJ.JBEP.S OF T1JE COORDIIIATD VALUE SETS. Tl/E AXES ARE PRIN
TED ;4.S x 'S . E'(CCPT Til AT IF 0 OCCURS IT IS SO SHQ.IN. 

TO CiiAtr''~ 2'iJ:.,· PLOT1'ING CODE ALTER THE CifARAC'i'ER VECTOR IN LINE [1). POR EX
ANPLE I TO ( lOll fZJLTIPLICITIE:; lJY NUMERALS. 1 TO 9 I !II.TH X FOR 10 OR MORE I RE
PLACE ' eG ::>' BY 'X987654321'. ( .fC SHOULL UOT COJ!TAIN A DLAtJK OR I OR -.) 

THE 'i':-;· f. [JN!IL .TS SUPPOSED SET T SIIIGLE SPACIIIG, AllD PAGE r.'IDTt/ AT THE 1-IAXIIRJN 
OF 130 CHI · ·.t:TC, .. ) IF IJEEDED. TtiE LAST LINE [2~ ) SPECIFIJf:S A HORIZONTAL SPACillG 
OF T:-!E DD • .>L'!! ; YOU f.I.1Y DEU'TE THIS LIIIE, Iii fiHIC/1 CASE TilE '61f' Ii'i LINC (7] 
SHOULD BE C'!.~ ;..r--cD TO '129'. TilE LOCAL VARIADLC S IN LINE [12) SHOULD GIVE TilE 
REUTI1'E ;.: .::il:ZTUDES OP TlJE i/ORIZO/JTAL AilD TilE VERTICAL UNIT STEPS, AS PRINTED 81 
YOOR TE?'.' [!J!.L . UITrl 6-PSR-INCH LlllEFEED, TilE CORRECT SETTiilGS POR S ARE 

_roR 12-PITCll CTIARACTER SPACING, LAST LINE INTACT: S+ 1 1 
07 10-PITCIJ CHARACTER SPACING, LAST LIIIE INTACT: S+ 6 5 
:;:< .1.2 ·PITCH Clllu?ACTER SPACit!G, ~T LIHC DELETED: S+ 1 2 

; .):? !0-PITC!J Clf/JRACTER SPACING, LAST LINE DELETED: S+ 3 5 
CSANF. FOCi ' ':SCP' , TilE LAST LINE BEING i!Ul.JlJCRI::"D [33).) 

(2) Q..C ' ~ .:-~:_~~. VIS EITJ:ER (1) A Vt:CTOR OR (2) A MATRIX. IF (1) 1 V(J) IS 
PLOTTED /I.G.1Ii1S'F J. I F ( 2) • Tl!E ROI.'S ARE PLOTTED, I.E. V[ ;J] AC'.AIFST J. POI/ITS 
ARE SP.OUJJ ".8 o ~ MULTIPLICITY l.:i ilOT INDICAT/i,'D. + OR + MF:ANS AT LEAST OIIE VAWE 
liAS OUT:'ID;,_' TLF PW'l'TING RAiiGE. 

THE USE.l :::;,;r SPECIFY SCALE MID LADELii!G CWITFI TllE GLOBAL VARIABLES DPS AND 
DPL ). JJJD IS ClFERED INSTRUCTIONS. 

- 18 -
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TO CHAUGE THE SYMBOLS (O, *, -) USED IN PLOTTING, ALTER LINES [33] AND [37]. 
TO CHANGE THE TOP AND BOTTOtl ROWS OF THE PLOT, MARKIHG THE ABSCISSA SCALE, ALTER 
THE DEFINITION OF AC IN LINE [27]. LABELING OF THE TOP ROU CAN BE INSERTED AS 
A NEW LINE [26.1]. 

(3) ROWPLOT. S IS A VECTOR SPECIFYING SCALE, JUST LIKE DPS-, SEE INSTRUCTIONS 
IN 'DOWNPLOT'. V IS EITHER (1) A VECTOR OR (7) A MATRIX. IF (1). THE SET OF 
VALUES IS SHOWN AS POINTS ON A LINE. IF (2), EACH ROU IS SO SHOi/N, ONE LINE PER 
ROW. MULTIPLICITY IS SHOWN AS IN 'SCATTERPLOT1. TO CHANGE THE PLOTTING CODE 
ALTER THE CHARACTER VECTOR IN LINE [U]. 

25 FEB.  1972 

W+U SCATTERPLOT ViEiI',J',MiMC',NiR;S 
■»•2+(l=ppWC*l«eo')A(l=ppi/)A(i=ppl')A(//S2)A(+/p{/)=//-H-/p/ 
^Q^*ARGUMENTS SHOULD BE VECTORS OF EQUAL LENGTH NOT LESS THAN 2.\l^ 
-►UtA/0<AWiV 2 2 i}{t/U)Ai/U)Ar/V),UV 
-♦•O.pO'OM ARGUMENT HAS ZERO RANGE.' .W*'' 
'SIZE?    TYPE TWO NUMBERS, SUCH AS:    25 25' 

■*5'«i(v/W*L/,/)v(v/l^)v2*p/^,Ll 
-►8t6«t^l] 
-^e.pO'flÄSr NUMBER TOO LARGE, TRY AGAIN.' 
I+R*M-J+1 
'SAME SCALES?    Y OR N.' 
-••((•/Vy'rlt.ll])/ 13 12).10 
Ä[;2>ff[;l]-/x-i+AM+rÄtI[l  2>S*[/I*S* 1 1 
^"«•,(((W)p'   f),[l]   'x' 
-^lM0<x/ 1 2 tfiW*/,[1.5] / 
ff[l;2Xl-W[l])+ff[l;lM0.5+5[l;l] 
l/[i(pf/)[2j-ff[l;l]>(M[2]p,|,).,0' 

11 

[18] 
[19] 
[20] 
[21] 

;itl 'ABSCISSA UNIT STEP IS 
-►£2*i0<x/£[2;] 
£[2;2Xl-W[2])tff[2;l>L0.5+ii'[2;l] 
(/[l+£,[2;l];>,0,,^l]p'-' 

[22] &:'EXTREME ORDINATES ARE:     ' ;<l»I[2]xf[2;] 
[23]     'ORDINATE UNIT STEP IS  ,;I[2];£.£ 
[2U]    ^(pK')[2]-r£[l;l]-0.5+Z/»7[l] 
[25]    ^ro.5+£'[2;l]-V*I[2] 
[26] tf-.wmn'Mm+McWi+MCiiAvyiiuijm 
[27]    -►^xi/i/aJVtl 
[28]    U+V*-" 
[29]    ^((2x"ltpJ/)p 0 1)V/ 

19 
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V DOWNPLOT ViJiNiC-.DiAC 
111      -»-(((A/lSplOA 1 2 =pp7)/  3 iO,2 
C2]      -o,pQ*-'ARGUMEiJT MH"T DO.' 
[3]      Ml.pnpV 
[1]       * INSTRUCTIOÜS?    Y OR IV 
[s]    -(Ci/y^it.a)/ 2i e),u 
[6]       »JVO (7LÖÜ/1L VARIABLES i-lUST BE SPECIFIED,    DPS (DOniPLOT SCALE)    AND DPL (D 

OWNPLOT' 
[7]       'LABELING).    BOTH ARE VECTORS.    DPS INDICATES THE PLOTTIiJG SCALE FOR ARGUM 

EUT VA-' 
[8]       'LUES, LISTING THE LOWEST VALUE,  THE STEP SIZE Ai'D THE HIGHEST VALUE TO BE 

ACCOM-' 
[9]       'MODATED.    HIGHEST MINUS LOWEST MUST BE DIVISIBLE BY STEP.      EVERY TENTH V 

ALUE IS' 
[10]     'MARKED BY +.  WJLESS LINE [27] IS ALTERED.    ENTER E.G.   (U5 PLOTTING VALUES 

):' 
|     . [11]     ' DPS+B.l  0.1 12.5' 

[12]     'DPL INDICATES THE LABELING OF THE INDEX NUMBERS, LISTING FOUR INTEGERS. 
THE 1ST' 

[13]     'MUST BE POSITIVE AND NOT GREATER THAU THE 3RD.    THE DPLLl'i"TH ROW OF THE 
PLOT IS' 

[lU]     'LABELED DPL[2],    AND THEREAFTER EVERY DPLW'TH ROW IS LABELED WITH AN I 
NCREMENT' 

[15]     'OF DPLlnl.    FOR SIMPLE COUNTING OF ROWS BY TENS ENTER:' 
[16]     ' DPL+HplO' 
[17]     'WITH DPS AND DPL SPECIFIED, RESUME EXECUTION OF DOWNPLOT BY TYPING:' 
[18]     ' -^O' 
[19]    S&DOWNPLOT+'V+pQ+'SEE HOWPLOT FOR FURTHER INFO. ' 
[20]    S&DOWNPLOT+O 
[21]    -*23-J^v/(3=pDP5)A(A/0*"l + l + ,Z?P5)Al=ppZ?PS 
[22]    -►23+(//=U)A(125^0A2S/^1+(-/Z?PS[3   l])*DP5[2] 
[23]    -»-O.pCh-'OPS WON' 'T DO. ' 
[21+]    -►26-(A/,öPL=LöPI,)A(u=+/pDPL)Al=pp£>PL 
[25]    -»26+(l^PL[l])A>/Z)PL[3  1],[>" 
[26]    ->-0,p\y-'DPL WOil"T DO.' 
[27]     • t^(/VH/V)p4C•■<-, + ' 
[28j il:C^(/V+2)pl 
[29]     C[ir(L2.5t(^[;J]-OP5[l])TDPS[2])U/+2>2 
[30]    C[2]^3LC[2]+2xCi:i]-l 
[31]    (7[A'+l>'+LC,[/V+l]+3xC[^+2]-l 
[32]    +lß*\0*UPLiZ'\\J~DPLll'] 
[33]     • I','  O^'IU'UCI 
[3^] 42:^lxi(pl')[2]>t7^J+l 
[35]    -O.pLH-'        +'tNpAC 
[36] L3:^-(1tplO)TZ;PL[2]tPPL[U]x(c7-£)PL[l])*£)PL[3] 
[37]    ^2,pt>,0123'456789   ,

[1+0+(10X(Z?=0)A. v( iU)o. >i3),o], • |' ,'  0-*,[l+"l*C] 
V 
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HOUIimGRATE 

Om-DIMBimOllAL DEFINITE INTEGRALS 
Z-H JilTEGRATc A 

THE FIRST ARGUMENT (H) IS A STEP SIZE, SCALAR. THE SECOND ARGUMENT (A) IS A 
VECTOR OF 2 OR MORE LIMITS OF INTEGRATION, IN ASCENDING ORDER, UITN DIFFERENCES 
ALL DIVISIBLE Qi ti . THE EXPLICIT RESULT (Z) IS A VECTOR OF LENGTH 1 LESS THAN 
WE LENGTH OF A , LISTING THE DEFINITE INTEGRALS FROU Alll TO EACH OF THE OTHER 
MEMDERS OF A . THE FUNCTION TO ÜE INTEGRATED IS ASKED FOR, AND MUST BE EXPRES- 
SED IN TEmS OF AN ARGUMENT X (LOCAL VARIAELE). 'NO-POINT GAUSSIAN QUADRATURE 
IS USED IN EACH INTERVAL OF UlbTIl    H  . 

FOR EXAMPLE, TO INTEGRATE SIN X FR011 0 TO EACH OF 1 2 3 AND COMPARE THE 
RESULT WITH    1 - COS A'  : 

0.1 INTEGRATE "itm 
FUNCTION JF X TO BE INTEGRATED? 
Ü: 

lOX 
0.^596976035     l.U161'4580U     1.909902451 

l-20i3 
0.1+5969769U1    1.416146037     1.989992497 
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Cl] 
[2] 
[3] 
[4] 
[5] 
[6] 

Z*H INTEGRATE A;:I;X 
-►3-(A/2<p/l)A(l=PPi4)A(A/,/ >0)A0 = PP// 
-'■3+U/0<//-0,~U//)AA///=LA'-<-((1W)-U/1H// 

-HJ.pO'/W   G0.\Z^-,, 

'FUNCTION OF X TO BE INTEGRATED?' 
XHAZlhH*\~liN)o .-iHi2)>l+  1 ~1  T3*0.5 

ZHH*2)*(N''.Z\"ltN)+.*+/Z. 

V S ROW PLOT V\J\N;C',tlC 
Cl] ^(((A/l<p'/)A  1  2  =ppK)/   3  4)12,l>l0 
C2] -^ü*-'SECOND ARGUMENT WON"T DO.' 
[3] VHl,pV)pV 
[4] ->6-J■'-v/(3-p.S■),^(l = pp5)Al=ppA/C<-c|),«eo, 

[5J *6+(125-//L/V)'.(//-U/)A2</Vt-l+(-/5[3  l])*5[23 
[6] -^■pL>,fIfo,;' ARWhEUT UOIP'T DO. ' 
[7] CV(p:./c)L + /(ii.'+2)o.=ll(L2.5+(^[t7;]-5[l])T5[2])L^+2 
[8] C[2M0 .1 =1U+C)/C,C2],  2 
[9] CC/V+lXO 1 =lL"ltC)/CC//+l],_l 
[10] 5p'   ' ;{'*-*  ' ,WC)C3H+~14.C] 
[11] ->7xv(lfp^)?^J+l 
[12] 5p,   ';/yp'--- -+' 
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HOWTRIPLEPUJT 

FUNCTIONS FOR PLOTTING 
(1) Z TDP V 
( 2) EI+V TSCP V 
( 3) ROIICOLDISPLAY I 

IN TIJESE VERSIOliS OF PUNCTIOIIS DESCRIB-eD IIJ 'ROWPLOT' • A THIRD DIMENSION IS 
SUGGESTED BY V!JlYitlv 'l'"IE SYMBOL USED IN PLOTTING THE POiliTS. 

( 1) XQf (TRIPLI: ·lXX/NPLOT) IS A HODIPICATIOH OF 'DO!INPLOT' • THE GLOBAL VARIA-
BLES DPS At~D DPL f.IJST BE SPECIFIED BEFORE EXECUTIOII. 'l'HE FIRST ARGUMENT (Z) 
IS A CHARAC'i'ER SC.1LAR 0."? VECTOR SHOUIJJG JIIJAT SYMiJOLS ARE TO fiE PLO'rl'ED. IF Z IS 
SCALAR • THE S/I.NS SYUBOL 1/ILL BE PLO'rl'ED EVERY TIM/:.'. THE CALL 

'O' TD-' V 
fiELDS 7:1E SAiJZ RESULT AS TilE CALL 

oo;nr.:un v 
IIITJJ THE E;'CEPTIO ~ mt.T INS'l'RUCTIO/IS ARE /lOT OFFERED AND '1'/IAT IF ANl MEMBERS OF 
V FALL OiJTSIDf: Til.': RANGE SPECIFIED BY DPS TilEY ARE NISSED (NO fiARNING +OR +). 

IF Z IS NOT S':ALAR. IT NUST BE A CHARACTER VECTOR OP LEUGT!l EQUAL TO -t+pV • 
Z[J] IS THE Sl:MDOL USED IN PLOTTING V(J] (IF V IS A VECTOR) OR V( ;J] (IF VIS A 
NATR~.Y) AGAINST J . 

m CHANGE THE TOP AND JJO'J"l'(»> ROCIS OF TtiE PLOT MARKING TilE AJJSCISSA SCALE • AL
TER THE DEFINITION OF AC IN LINE [12). LAIJELING OF Tl/~ TOP ROrJ CAN BE INSERT
ED AS A lJ/:.11 LINE [ 1 ~ . 1 ] • 

(2) X:i9.?.. ('iRIPLE-SCATTJ.:RPLOT) IS A l.fODIFICATIOtJ OF 'SCATTERPWT'. THE ARGU-
iiENTS (U. V) SP:JCIPY ABSCISSAS AJID ORDitiATES. AS BEFORE. ALL COiiiCIDBNT POlli'i'S 
ARE SHOIIII AS * . AFTER THE INTERROGATIONS ADOOT FINENESS OF PLOTTING AiiD EQUAL 
SCALES • TilE L'Sl:.'R IS ASKED FOR THI:: SlMBOLS TO BE USED. IF HE REPLIES JIITtl 0/IE 
SliiBOL !N QUOTES. SUCtl AS 'o', THE RESULT UILL DE LIKE THAT OF 'SCATTERPUJT' EX
CEPT THAT ALL NULTIPLE POINTS ARE SHO:Ill BY THE Oi!E SYMBOL * . OTIIZRWISE HE NUST 
Rf:PLl WITII A Cl!ARAC'l'E:R VECTOR OF LENGTH EQUAL ro pU AND pV • NONE OF THE CHA
RACTERS LJEJilG A BMiJK OR * . POR A VECTOR V • ~'I!J:: CALL 

( tp V) TA:JCP r 
riiTH Z AS TT!"J AE-J'.e;~ ro THe THIRD QUESTION YIELDS A PLOT EQUIVALENT TO 

Z TD l' 
IF TilE SCJ.LES Ai'?E SL:ZTAB.~l 1~1TCHED. B · 'AUS!!: THE f.tifJUS SIGN MAY BE NEEDED AS A 
PLOTTING S': ·liOL, ZERO LiiJES ARE tiOT I: DICA TED IN 'l'HE PLOT liiTll I OR - • AS THEf 
ARE IN 'SCt TTJ:fl'i:'LOT 1

• 

(3) B.('.. 1 if:..:J':,; J.!S~.f.';.l~ IS A SP'CC..1:11L PUlJC'7'IOiJ, SUDSTITUTIIJG FOR 'TSCP', T!IAT NAY BE 
USED TO .?I~,;. J./!. '( .1.~!::: C'JT1.,U7 or 'ROr-ICOL : • ABSCISSAS AND ORDINATES ARE TilE COLUMN 
EFFECTS /.::;:; TJJS R~ :i EFFECTS. THE SYMbOLS PLOTTl!.'D REPRESENT THE RESIDUALS GRADED 
ON A 1-I:-'CJIN'? SC.11 LE ::'RC'! !LT:?GE-N'IJGATIVE TO LARGE-POSITIVE: M. H. -. o, +. P, f. 

AT T1.''? T.YPEJ?SE OY 1CCIIRACY Iil POSITIONING 1iiE PLOTTED POINTS. COINCIDENCES OF 
1KMS OR COLI..:: .. ~"" i1 ... E J:. :10IDED THROUGH A U!JIT f.1.TfJI!.fUf.1 SEPARATION. EVEN f!IJEN '1.'110 ROll 
l!.?FEC'l'S O:r CJ.Gi.l:~i·: Ec'i"::C'l'S ARE ECJUA!.. 

THE AI?Gl/ ·'"7JIT {I) IS TilE CtiAJJGJ:: IN COLUUN EFFECT REPRESi::NTED Bl A U1~IT HORI
ZONTAL DISPLACbUE~o'T. TRY EZBCUTING TtiE FUIICTION WITJI A LARGIStl VALU~ FOR I, NOT 
LESS Tl!.4il (( I/Cf' )-L/CE) .;. 2o • IF TilE DISPI.AY IS TOO SMALL RCPEAT UITtl A SMALLER 
VALUS FOR I 

- 22 -



wm wmmmmmmmmmwimiwm • I HI i>T<n,i|ii!«ii>unu^ ,   .,..»_< ...„. >»^-r..i..., ii.. ...    .,. , M i. ,„..,    ^-.-i   .,    .,,,.„, 

• 

THE FUNCTION REFERS TO TUE GLOuAL VAHIkßLES CU, RE, RY GENERATED BY 'RO'/COL\ 
BUT THESE SHOULD FIRST BE REARRANGED BY CALLIEG THE FUNCTION *RO\/COLPERMUTE% {NO 
ARGUMEUTS OR EXPLICIT RESULT), 'JHICi! PERilUTES THE RO'JS Ai'D COLUMNS SO THAT CE IS 
IN ASCENDING ORDER AND   RE    IN DESCENDING ORDER. 

ADJUSTMENTS IN LINE [1]: TO SUPPRESS NORIWNTAL DOUBLE SPACING SET CM). 
FOR b-PER-INCH LINEFEED, \2-PITCH CHARACTER SPACING, IF D+2 THEN S-»- 1 1 , BUT 
IF   0+1    THEN    S* 1 2 .    FOR 10-PITCH SPACING, SET   S* 6 5    AND    S*- 3 5   , Ä^P. 

2P FEB.   1972 

'     ^ 

]    " [1] 
[2] 
[3] 
CU] 
C5] 
[6] 
[7] 
[8] 
[9] 
[10] 
[11] 
[12] 
[13] 
[lU] 
[15] 
[16] 
[17] 
[18] 
[19] 
[20] 
[21] 
[22] 
[23] 
[24] 
[25] 
[26] 
[27] 
[28] 
[29] 
[30] 
[31] 
[32] 
[33] 

7 W+U TSCP V;E;I;J',M;N;R;S;^ 
-<-2+(l=pp{/)A(l=pp/)A(/V>2)A( + /py)=/i''H-/pK 
-VQ*-'ARGUMENTS SHOULD BE VECTORS OF EQUAL LENGTH NOT LESS THAN 2.,,f 
-m-A/o</?W^ 2 2 p{t/U),(UU)M/V)tl/V 
■♦O.PLH-'O/^ ARGUMENT HAS ZERO RANGE. ' ,W-«-" 
'SIZE?    TYPE TUO NUMBERS, SUCH AS:     25 25' 
-►5xi(v//v/*U;)v(v/l>/,Ov2*prK,rJ 
+Q+6HiMill 
->f>,pü*-'FIRST NUMBER TOO LARGE,   TRY AGAIN." 
I+RiM-J*-\ 
'SAME SCALES?    Y OR /'/.' 
-"((•^y'slt.Cl)/  13  12),10 
^;2>£[;l]-I><"l+AM+r/f*J[l  2l*-S*f/US* 1 1 
f/-'x»,((<tW)p«   •).[!]   'x' 
-♦£lxiO<x/   1   2  iE+EU^LSl I 
/:[ 1; 2 X l-/.v[ 1 ] )t£;[ 1; 1 ]-«-[ 0.5+Z:[ 1; 1 ] 
f/[ltp;/;(pJ/)[2]-t'[l;l]>'0' 

kl:'SYMBOLS TO BE USED?1 

■+42xi0<x//i'[2;] 
£:[2;2Ml-/'/[2])+ZJ[2;l>[0.5+/i[2;l] 
^/[l+i?[2;l];l]^,ü, 

42:^(((~v/,^c'   *,)MA///=p^)A  0   1   =pp^-G)/Zi3+  1  2).43 
43:-«-(43-l),p[>'/;0 GOOD,  TRY AGAIN.' 

Z+NpZ, 
C,'EXTREME ABSCISSAS ARE:     ' ;<|)J[ 1 ]x£'[ 1; ] 
'ABSCISSA UNIT STEP IS  ' ;ltl 
'EXTREME ORDINATES ARE:     ' •,$Il2l*Bi2 ; 1 
'ORDINATE UNIT STEP IS  ,;/[2];C,C 
iMpiO[2]-r£[l:l]-0.5+(a7[l] 
^ro.5+£'[2;l]-^/[2] 

iM-Mvuiiuyu+uamwiiUim*' ')/'*'),zin 
-*■£,** \N>J-*-J+l 

WHi7*  l+p(/)p 0 1)W 

/^.i i 

! 
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mXIMIZATIOiJ OF A FUNCTION OF ONE VARIABLE 
Z+X MAX Y 

THE ARGUMENTS ME VECTORS OF LENGTH 3, THE FIRST HAVING NO Tl/O MEUDERS EQUAL. 
THE EXPLICIT RESULT IS THE COORDINATES OF THE VERTEX OF A PARABOLA WITH VERTICAL 
AXIS, THAT GOES THROUGH THE 3 POINTS l/HOSE ABSCISSAS ARE THE FIRST ARGUMENT AND 
ORDINATES THE SECOND ARGUMENT. IF THE PARABOLA IS CONVEX FROtJ BELO!.', THE VERTEX 
IS THE MINIMUM INSTEAD OF THE MAXIMUM POINT, AND THE WORD 'MINIMUM. ' APPEARS IN 
THE OUTPUT. 

29 NOV.   1972 

Cl] 
[2] 
C3] 
OJ 
[5] 
C6] 
[7] 
[8] 
[9] 

V Z+X MAX Y;A;B;M 
^3-(3-+/p^)A(3=+/pJ')A(l=pp^)Ai=ppl' 
-KJ+WCW^JOAS/Z* o o 
■+pQ<-1 ARGUMENTS U0N"T £0. ' .2*-" 
/Wliil^.Cl.S] X*X4-X'MH+/X)t3 
•*((/lC3]=O),i4[3]<0)/  9  7 
'MINIMUM.' 
Z[l>/V+Zy^(J/ll/l)f~2 
■*-0,Zi2l*-Ail 2]+.xl,ß*2 
'NO TURNING POINT.',Z+" 

2* 

V Z TOP V;J;N\AC\C\D 
[I] -.-(((A/lSplOA  1  2  =pp!/)/   3 4),2 
[2]      -«-o,pl>• ARGUMENTS WON"T DO.' 
[3]       VHl,pV)pV 
[U]      -»-({0  1  =ppZ)/5,2+'+xv/(pZ) = 'lfp/),2 
[5]       Z^(plO[2]pZ 
[6]       -*Ü-^v/(3=pöP5)A(A/o^~lll + ,Z)FS,)Al=ppi3P5 
[7]      -'3+(/'/=L/i/)A(125>//)A2<i^l+(-/£)f5C3  l] )TöP1S

,[2] 

[8j       ■+0,pU-'DPS WON' 'T DO. ' 
[9]      +ll-(A/,DPL=iDPL)*(.H=+/pDPL)n=ppDPL 
[10]    +11 +(!<£?£[i:i)A>/£)PL[3  l],l>" 
[II] *0,pQ*-'DPL U0N"T DO.' 
[12]     • +'AN+iiOpAC*-' +' 
[13] 41:^(^+2)»'   ' 
[14]    C,[ir(L2.5+(V[;<A]-ÖP5fl])fZ?P5[2])LV+2>Z[J] 
[15]    ->L3*iO=DPU3l\J-DPLill 
[16]     ' IM+'l+C 
[17] i2:-*^lxi(p^)[2]2J-t-(7+l 
[18]    +0,p\>' f'JJpAC 
[19] L3:D*-iiiplO)JDPLi2l+DPLlnXJ-DPLlll)iDPL[3] 
[20]    ^2,pL>-,01234'jL789   '[1+Z?+(10X(^=0)A.V( ii+)o. >13),0],' | ' ,U~1+C 

V 
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